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The Progress of Science 


The Conservation of Energy 


“T HEARD his paper read . . . and felt strongly impelled to 

rise and say that it must be wrong. . . . But as I listened 
_on and on, I saw that. . . Joule had certainly a great truth 

and a great discovery, and a most important measurement 
_to bring forward.’’ The words are those of William Thom- 
son, now better remembered as Lord Kelvin. They describe 
what was probably the most important hour in the struggle 
io establish one of the basic principles of natural science— 
the conservation of energy. The year is 1847; the place, the 
British Association meeting at Oxford. 

By 1843 Joule had arrived at a firm grasp of the conser- 
vation of energy and had made a rough determination of 
the mechanical equivalent of heat. But there followed four 
years in which almost no notice was taken of his work. 
An important paper to the Royal Society was printed in 
abstract only. Papers to the British Association in 1843 and 
1845 excited almost no interest. And again in 1847 the 
chairman of his section of the British Association requested 
him to confine himself to a short verbal description of his 
results. That paper, too, might have passed unnoticed 
if it had not been for the sudden enlightenment and 
conversion of Lord Kelvin. Lord Kelvin was then 
twenty-two, and an up-and-coming young man with 
many good papers on mathematical physics to his credit; 
; _and, as Joule put it later, ‘this intelligent observations 
Created a lively interest in the new theory”’. 

The idea of the conservation of energy was then becom- 
ing prominent. Mayer and Grove had proposed it in 
1842, Colding in 1843; Helmholtz in 1847 expounded it 
brilliantly. But these were not the decisive contributions. 
Their approach was almost philosophical and too general- 
_ ised to convince, or even greatly interest, the nose-to- 
_the-grindstone and _let-the-figures-speak-for-themselves 
_ physicists of those times. Mayer, it is true, reached the 
idea from considerations of physiological heat; but his 
written expositions of it omitted references to this aspect 
and depended largely on generalised arguments, with only 
a little quantitative verification and that depending almost 
entirely on second-hand experiments. The others argued 
from comprehensive views of the manifold phenomena of 
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nature in which energy changes are involved; they pre- 
sented general philosophical arguments, backed up in 
Colding’s case with a certain amount of theology. Looking 
back we can see that all these workers were carrying out 
brilliant inductions based on broad surveys and profound 
re-interpretations of well-established phenomena. But the 
contemporary world of physics needed a different ap- 
proach to convince it. 

Joule’s approach to the subject was entirely different— 
essentially hard-headed, practical and quantitative, every 
step in the argument being supported by the most pains- 
taking experiments. The others had exercised the utmost 
ingenuity in finding tortuous paths among the trees of 
physical phenomena until the general plan of the wood 
emerged as the conservation of energy. Joule, on the con- 
trary, drove a bulldozer through it, opening up broad road- 
ways along which even the most unenterprising could 
follow him (after Kelvin had pointed out that the newly- 
cut road was of interest). Undoubtedly the qualities that 
Joule inherited were such that this was his natural approach. 
But equally his methods were derived from the early 
interests that led him to the problem. He began in 1838 by 
making a series of attempts to improve electric motors. 
So far was he then from the conception of the conserva- 
tion of energy that one of his speculations on improve- 
ments actually involved, only very slightly hidden, the 
possibility of perpetual motion. On the other hand he 
used the practical engineer’s measurement of work, and 
when he transferred his attention to more fundamental 
physical problems (especially after he had convinced him- 
self that his early objective of a battery-driven electric 
motor which should be more efficient than the steam 
engine was impossible), he carried these engineer’s concep- 
tions with him—to the eternal benefit of physics. So he 
proceeded, chiefly through studies in the heating effects 
of electric currents and in the energetics of electrolysis 
and the electric battery, step by step towards the conserva- 
tion of energy and his meticulous determination of the 
mechanical equivalent of heat. (The reader who is inter- 
ested may follow these steps conveniently in J. G. Crow- 
ther’s British Scientists of the Nineteenth Century.) 

By 1847 these researches of Joule’s had demonstrated 
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quantitatively the relations between all the main forms of 
energy known. Furthermore, in direct contrast to the 
route followed by other workers on the subject, he had 
slowly drawn from his quantitative results an appreciation 
of the more general philosophic implications of the con- 
servation of energy. This was what the world wanted— 
hard facts first and plenty of them, philosophy and general 
statement afterwards. Joule had provided these by 
1847, so that this year deserves more than any other to be 
regarded as the centenary of the discovery of the conserva- 
tion of energy. 


American Research Policy 


IN last month’s issue we drew attention to the extremely 
large proportion of British Government expenditure on 
research which is to go into defence science in 1947-48 
—£50 million, or about two-thirds of the total. It now 
appears that both absolutely and proportionally the 
defence research expenditure of the U.S.A. is much higher 
again. Omitting an unspecified sum for atomic research, 
the U.S. War and Navy Departments are to spend 500 
million dollars (about £125 million) on research and 
development in 1948—80°, of the total research expendi- 
ture of the Federal Government and 43 % of the estimated 
total research expenditure of all bodies, public and private. 
These are the most striking facts revealed in a report 
prepared by the U.S. President’s Scientific Research 
Board, entitled Science and Public Policy: Volume I, A 
Programme for the Nation. In discussing the reasons for 
requiring an increased volume of research, the report 
devotes almost the whole of its first page to military 
considerations, and only then passes on to peaceful uses 
of research. It admits that “Our national research pro- 
gram is unbalanced in the direction of military research’’. 
It does not, however, envisage any reduction in this 
expenditure in the next ten years, but merely a redressing 

















TABLE | 
U.S. expenditure on research and development 
during 1947 
Applied 
Agency Total panies Research 
Fence. ol P ssceine aod De. 
esearcn | velopment 
£ £ £ 
million million million 
War and Navy Depart- 
ments 125 9 116 
Other Federal Depart- 
ments 31 5 26 
Total Fed.Government| 156 14 142 
Industry 112-5 2:5 110 
University 11-5 9 2°5 
Other 10 2:5 7°5 
Total 290 28 262 
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of the relative balance by increasing other types of research} 


expenditure. 


The report is a very rough outline of recommendation} 


for Federal Government policy on research during the 
next decade. But it also gives many interesting statistic; 
about recent changes in the volume and direction of Ameri- 
can research. Fig. 1 shows the growth of some of the 
main elements concerned since 1920, together with the 
recommended increases from now to 1957. Needless to say, 
the financial sums involved are very great by our standards, 
Table I shows the expenditure on research and develop. 
ment—expenditure on atomic research is omitted— 
during the present year (converting dollars to sterling at the 
approximately correct ratio of 4: 1). 

Also for comparison we may note the figure given here 
for research in the U.S.S.R.—the latest we have seen— 
namely £300 million for 1947, as against £225 million for 
1946. It should then become clear how carefully we, with 
our mere £70 million of Government expenditure on re. 
search, will have to husband our resources, how jealously 
we must ensure that they are used only for the most 
profitable purposes. As a matter of fact, our Government 
non-military research with its expenditure of £20 million, 
compares very favourably with the American £31 million, 
considering the difference in available resources. But one 
is left in doubt as to whether that comparison is in any 
way significant in view of the huge industrial research total 
in U.S.A. 

The plan for the future of U.S. science is still more 
ambitious. By 1957, the Board recommends, total annual 
expenditure should reach £560 million. Of this, funda- 
mental research should have £110 million, health and 
medical research £75 million, other non-military research 
and development £250 million, and military research 
£125 million (the last being unchanged from 1947). The 
Federal Government is to provide more than £250 million 
towards these totals. 

One notes particularly here the fourfold increase in 
expenditure on fundamental research between 1947 and 
1957. The report particularly stresses this point. In the 
past America has been far too content to apply and 
develop, leaving the fundamental discoveries to be made in 
Europe. The percentage of American research expenditure 
in the hands of the universities actually dropped from 12 
in 1930 to 9 in 1940 and 4 in 1947. This trend, the report 
recommends most strongly, must be reversed. Similarly, 
expenditure on research in health and medicine is to be 
tripled by 1957. 

In many respects the problems facing American science 
are similar to our own. Manpower shortage is the chief 
factor limiting expansion at the present time. But in their 
case it seems that no very special measures will be needed 
to rectify the situation within the next few years, though a 
system of State scholarships is recommended. They have 
exactly the same troubles as we have, arising from the 
fact that Government scientific salaries are poor compared 
with those of industry, and academic salaries even worse. 
That is to say, they find just as we do, that it is increasingly 
difficult to keep the best man in the more fundamental 
work of the academic world and in State research. 
They have the same problems as ours in regard to 
Government workers keeping contact with others in theif 
professions. 
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Sweets and Dental Decay 


MANY people blame sweets for all the mishaps which 
befall human teeth, particularly children’s teeth, yet in 
fact a multiplicity of factors are involved in dental decay. 
Scientific opinion is divided as to the damage done by 
sweets, and in a recent issue of Chemistry and Industry 
(1947, No. 41, p. 620) Professor J. R. Marrack, nutrition 
expert of the London Hospital, summarises the conflicting 
evidence on this question. 

Even in the sixteenth century, when the import of con- 
siderable amounts of sugar into England had begun, it 
was held that sugar caused decay of teeth. That this idea 
was strongly rooted is indicated from the following quota- 
tion from a description given by a German visitor to the 
England of Queen Elizabeth. “‘Her nose is a little hooked, 
her lips narrow, and her teeth black, a defect the English 
seem subject to from their great use of sugar.’ According 
to Lady Mellanby and H. Coumoulos, the incidence of 
caries of the teeth fell in England during the first World 
War when the supply of sugar was restricted, and again in 
the second. The incidence of caries has been lower in 
Norway also, where the ration of sugar was 7 oz. per week. 
Many experiments have been made to test the effect of 
sugar and of sweets in particular on the development of 
caries. In one of these, which was described by Dr. J. D. 
King in The Lancet in 1946 and which received much 
attention in the lay press, no increase in the incidence of 
caries was found when children were allowed a sweet or 
biscuit at bedtime. But this amount was so small in 
comparison with the ordinary sugar and sweet rations 
which the children were allowed at the same time that no 
conclusion can be drawn from the experiment. In other 
experiments an increase in the amount of sugar allowed 
has been followed by an increase of caries. But Professor 
Marrack points out that some factor other than sugar must 
be involved. In the second half of the nineteenth century 
children were allowed very little sugar or sweets on the 
ground that, as children liked them, they must be bad for 
them. In the 1920’s children were allowed very large 
quantities of sweets on the ground that, as children liked 
them, they must be good for them. But the children of the 
1920’s had much better teeth than the children of the 
nineteenth century. 


New Atom-Smashing Machines 


ALL over the world large sums of money are being spent on 
the building of bigger and better atom-smashing machines. 
In the U.S.A., for example, five cyclotrons, seven synchro- 
trons, three linear accelerators, four betatrons and one 
colossal synchrocyclotron are under construction. What 
is the reason for this feverish activity? To judge by the 
reports which appear in the lay press one would be justified 
in concluding that it was either a sinister aspect of an 
armaments race or mere schoolboy rivalry to see who can 
generate the highest energy with the largest machine. Such 
aconclusion leads one very far away from the actual truth, 
and it is worth examining the question a little more deeply. 

Our present knowledge of the nucleus goes little further 
than knowing the numbers and kinds of particles of which 
itis composed. Neither theory nor experiment provide any 
satisfactory explanation of why there are only a few different 
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kinds of elementary particles, why they have particular 
masses and charges, and, most important, nothing is known 
of the forces which act between these particles when they 
are very close together. Much of our present knowledge 
has sprung from experiments of the kind used by Ruther- 
ford in which nuclei are bombarded with charged particles 
and the subsequent scattering of the particles and nuclear 
fragments are observed. Some new and urgently needed 
experimental facts may be obtained simply by increasing 
the energies of the bombarding particles. For example, 
theory suggests that very energetic neutrons should be 
produced by the bombardment of matter by high energy 
protons. Theory also suggests certain target figures for the 
energies at which new phenomena are likely to be found. 
Mesons, so far only observed in cosmic radiation, should 
be produced in pairs when protons having energies of the 
order of 600 Mev (600 million electron volts*) strike a 
nucleus. The total binding energy of nuclei of medium 
weight is of the order of 1000 Mev, so that the character of 
nuclear reactions is likely to change when energies of this 


* The electron volt is the customary unit used to express the 
energies of atomic particles; the unit is equal to the energy acquired 
by a particle with a single electronic charge as it passes between two 
plates whose potential difference is 1 volt. 
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order are used. It should be noted that these figures apply 
when protons are the accelerated particles. Less useful 
results are expected from the acceleration of electrons. 

Details have recently been published by Professor M. L. 
Oliphant and his associates (Proceedings of the Physical 
Society, Vol. 59, p. 666, 1947) of a proton synchrotron 
under construction at Birmingham University, which is 
designed to produce 1000 Mev protons. In this apparatus 
protons circulate in a ring-shaped vacuum chamber under 
the influence of a magnetic field and are accelerated once in 
each revolution when they pass between electrodes con- 
nected to a high-frequency generator. The success of the 
method depends on simultaneously varying the strength of 
the magnetic field and the frequency of the oscillator in 
such a way that the particles travel in a constant orbit, and 
always arrive at the electrodes when the voltage applied to 
them is in the correct phase for acceleration. A compara- 
tively slow cycle of operations will be used, there being six 
excitations of the magnetic field per minute. This allows 
considerable economies in the construction of the magnet, 
and makes it possible to vary the frequency of the accelera- 
ting voltage by simple mechanical means while the magnetic 
field is changing. Several novel constructional features are 
planned. The vacuum chamber, instead of being of glass, 
as in most betatrons, or of metal as in the cyclotron, will 
be sealed by stretching a sheet of non-porous rubber over 
corrugated strips of stainless steel, the latter being so 
arranged as to reduce the effects of eddy currents to a 
minimum. Tosupply the power for the magnet two coupled 
d.c. generators in parallel will be driven by a 1500 h.p. 
motor. A 36-ton flywheel will store energy during those 
parts of the cycle when current is not being used. Higher 
energies should be obtainable with machines of this 
type simply by increasing the radius of the orbit and other 
dimensions. A practical limit of 2000-3000 Mev however 
is set by the increasing cost and power consumption. 


Visible Light Produced in the Betatron 


In the betatron (described in Discovery, Vol. 7, pp. 
68-70, 1946), which only accelerates electrons, the upper 
limit of attainable energy, which is about 500 Mev, has 
a more fundamental origin. Being much lighter than pro- 
tons—the mass of the electron is about 1/1850th of that 
of a proton—the electrons of these energies have velocities 
approaching that of light. They therefore make many 
thousands of revolutions per second within the vacuum 
chamber. Now one of the difficulties which confronted 
classical physics at the beginning of this century was that 
according to the electromagnetic theory of light an electron 
revolving in a circular orbit, as was assumed to be the 
case for the electrons surrounding an atomic nucleus, 
Should radiate energy. The frequency or wave-length of 
this radiation should depend on the frequency of revolu- 
tion of the electron, and as energy is lost by radiation the 
electron should rapidly spiral towards the nucleus. These 
theoretical predictions were of course quite wrong, and 
the difficulty was resolved by the advent of the quantum 
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theory. Applied to the electrons surrounding a nucleus 
this theory stated that radiation was only emitted when 
electrons ‘jumped’ from one to another of certain allowed 
orbits, and that a spiral motion with continuous lIcss of 
energy was impossible. These quantum restrictions how- 
ever are Only important in systems of very small dimen- 
sions. On a larger scale the predictions of both quantum 
theory and classical physics are identical. A striking 
example of this fact has recently been observed by Elder, 
Gurewitsch, Langmuir and Pollock working in America 
with the General Electric electron synchrotron. They 
found that above 30 Mev visible light was produced by the 
rapidly circulating electrons, in accordance with theoretical 
expectations. As the energy of the electrons is increased 
more and more energy is radiated in this way, and 
eventually the machine ceases to function efficiently. 

These radiation losses will be serious in any device which 
accelerates electrons round a circular orbit. They are not 
serious in proton accelerators until very much higher 
energies are reached, and they do not occur at all in the 
linear accelerator. This device, which was superseded by 
the cyclotron as a source of high-energy particles, has 
come back into the field as a result of war-time develop- 
ments in the generation of very high-frequency oscillators 
for radar purposes. 

Technical knowledge obtained during war-time radar 
research has also allowed the upper limit of energies pro- 
duced by the cyclotron to be considerably increased. In 
this case the limitation was due to a gradual lagging of the 
particle behind the position at which it is accelerated by 
the alternating voltage, until eventually it would arrive 
so late that it would be slowed down instead of accelerated. 
Means are now available for altering the frequency and 
the magnetic field strength in a controlled way so as to 
catch the ion at the right moment at every revolution. 
These modifications are incorporated in the machines 
known as the relativistic ion cyclotron and the synchro- 
cyclotron, which should produce protons of 300 Mev 
eneryy, instead of the 40-50 Mev previously achieved with 
the cyclotron. 

Besides their immediate application to nuclear research 
some of these machines have other valuable uses. Before 
the advent of the uranium chain-reacting pile, the cyclotron 
was the only source of many artificial radioactive materials 
required as tracers, and in specia cases it may still 
be necessary for this purpose. The betatron as an electron 
accelerator is a very efficient source of high-energy X-rays. 
These have already proved valuable for the detection of 
flaws in metal castings too large to be examined by normal 
radiographic techniques. High-energy X-rays are also 
valuable in therapy, since their maximum effect occurs a 
few centimetres below the surface of the skin, thus allowing 
deep-seated cancers to be treated. It can truthfully be said 
therefore that, far from being instruments for the produc- 
tion of bigger and better atom bombs, these particle 
accelerators show the atomic scientists ‘returning to their 
lasts —to the fundamental investigation of the atomic 
nucleus. 








Geodesy ¢s the science which studies the form and 
dimensions of the earth. Its development began 
in the earliest times in connexion with problems 
of land measurement, mapping and navigation. 
This article sketches the historical development of 
the subject and the problems with which it deals. 
A subsequent article will describe how geodesy 
became linked with radar development. 





The Advance of Geodesy 
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As soon as the earliest settled agricultural communities 
had arisen in the ancient world, the measurement of small 
areas of the earth’s surface began in connexion with the 
marking-out of land boundaries and the drawing-up of 
records of title; this is the significance of the word 
‘geodesy’, which means earth-division. 

Some of the earliest mathematical problems solved in 
Babylonia relate to the partition of parcels of land (Fig. 2). 
Much of this work is simply geometrical in character, but 
nevertheless the concepts of elementary surveying were 
being created. Further, the ancient Babylonians and 
Egyptians amassed a considerable amount of practical 
knowledge of astronomy and mathematics, which is now 
considered to have been transmitted to the Greeks and to 
have formed the basis for the outstanding advances which 
they made. 

The first recorded attempt to determine the size of the 
earth is due to Eratosthenes of Alexandria in the third 
century B.C. He measured the difference in latitude 
between Alexandria and Syene (Aswan) in the following 
way (Fig. 1). At the summer solstice, it was noticed that 
the sun was vertically overhead at Syene, while at the same 
time in Alexandria the direction of the sun made an angle 
« with the vertical, which was estimated (by measuring the 
shadow cast by an upright rod) to be one-fiftieth of 360 
degrees. The distance between 
the two towns was taken to be 
5000 stadia, this figure being 
derived possibly from records 
of land measures or from the 
number of days’ travel separ- 
ating them. The calculation 
of the circumference of the 
earth is then a matter of simple 
proportion. For, taking the 
sun’s rays as parallel at Alex- 
andria and at Syene, and 
assuming the earth to be a 
sphere, and the two towns to be 
on the same meridian, we have 
from Fig. 1, Earth’s circum- 
ference = 50 x 5000 x 250,000 
Stadia. 

If the stadium is taken to be 
185 metres, this makes the 
earth's circumference equal to 
46,250,000 metres or 28,738 
miles. This is about 16°, too 
great, assuming that our esti- 
mate of the stadium is correct. 
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Actually, Syene is not due south of Alexandria as Eratos- 
thenes assumed, and the length of the stadium in our units is 
a matter ofsome doubt; nevertheless the result is of the right 
order of magnitude. Observations on the star Canopus were 
employed in a similar way between the towns of Alexandria 
and Rhodes to give a result very close to that of Eratos- 
thenes. We have described this early measurement in 
some detail, since although the earth was later shown to 
be an oblate spheroid and not a sphere, the principle of 
measuring the length of an arc of meridian, together with 
the latitudes of its endpoints, remained the basis of deter- 
minations of the earth’s dimensions until the end of the 
nineteenth century. 

The Alexandrian school also devoted much attention to 
astronomy and map-making. In particular, Ptolemy 
elaborated the work of his predecessors and in his 
‘Almagest’ produced a book which was to become the 
standard work on astronomy right up to the time of 
Copernicus. This work was strongly influenced by. the 
Pythagorean school’s concept of the universe as a system 
of spherical bodies moving in perfect circles, and moreover 
it regarded the earth as the centre of the universe. Con- 
sequently the motions of the planets had to be explained 
in terms of a complicated system of epicycles, and no real 
progress was made in the theory underlying the motion 
of the heavenly bodies. Later 
on, however, the discoveries 
made in the field of celestial 
mechanics did play a consider- 
able part in geodesy. Ptolemy 
in his ‘Geography’ also pro- 
duced the first maps, in the 
modern sense of the word, al- 
though by our standards they 
were very inaccurate. (Fig. 3). 


The Renaissance 


Although some __ geodetic 
work was carried out by the 
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Fic. 1.—How Eratosthenes measured the size of the earth. 

After estimating the magnitude of the angle «, the earth’s 

circumference could be calculated as (assuming the earth 

to be a sphere) the ratio of earth’s circumference to the 

distance between Alexandria and Syene equals the ratio 
of 360 degrees to «. (After Singer.) 
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science of geodesy that was one of the greatest stimuli to 
scientific and mathematical research during this period. 
The voyages of discovery and the expansion of trade made 
the science of navigation of tremendous practical import- 
ance, and accurate navigation was impossible without a 
knowledge of astronomy and geodesy, and the accurate 
maps that could only be constructed with their aid. With 
the heliocentric hypothesis of Copernicus, Kepler’s calcu- 
lations of planetary orbits and the dynamical researches of 
Galileo and Huyghens, culminating in Newton’s theory of 
universal gravitation, we enter the modern era. 

The fundamental results which concern us were enunci- 
ated in Newton’s Principia in 1687, although they were not 
correctly established until 1740. Briefly they indicated that 
approximately, under certain assumptions, the earth 
would have the shape, or ‘figure’ (as it is technically 
known in geodesy) of an oblate spheroid, flattened at the 
poles, and that the earth’s gravity would increase from the 
equator to the pole in proportion to the square of the 
latitude. The importance of these deductions for the 
science of geodesy is very great. The second result shows, 
for instance, that measurements of the intensity of gravity 
over the earth’s surface can give us considerable informa- 
tion concerning its shape. A method based on this result 
has in fact been developed very considerably, both in 
theory and in practice, and today plays a very important 
part not only in geodesy, but also in geological and geo- 
physical investigations. The significance for 
geophysicist of a law giving the ‘theoretical’ value of 
gravity at any point lies in the fact that variations in the 
density of the subsurface material will affect the measured 
value of gravity, and the difference between the theoretical 
and observed values can be used to give valuable informa- 
tion concerning subterranean structure. Such measure- 
ments constitute an adjunct of considerable importance 
in oil prospecting at the present time. 

Working from his result that the earth was an ellipsoid 
of revolution, Newton next attempted to determine the 
flattening, which is defined as the ratio of the difference 
between the equatorial and polar diameters to the equa- 
torial diameter. Neither he nor his contemporary, 
Huyghens, obtained the correct value (about 54, is accepted 
today), and in fact many further advances both in theory 
and experimental technique were to be required before this 
was possible. 

The study of the earth’s figure by geometrical methods 
now developed rapidly, using the technique of triangulation, 
which had come into use among topographers about the 
middle of the sixteenth century. Triangulation fixes the 
relative positions of a number of points on the earth’s 
surface by a detailed sequence of measurements. A stretch 
of flat terrain is selected within the area to be surveyed, 
and on this a ‘base-line’ is measured with great accuracy, 
allowance being made for temperature, sag in the measur- 
ing tape, terrestrial refraction and a number of other 
factors. An accuracy of about one part in a million is 
achieved in first-class work. A network of points covering 
the country is then selected in such a way that adjacent 
points are mutually intervisible. The angles in the tri- 
angles formed by joining suitable pairs of points are then 
measured with a theodolite, the base-line being always tied 
in to the network. (Figs. 4, 5 and 6.) 

The angles can then be adjusted for experimental 
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Fic. 2.—A property plan drawn on a clay tablet, now 

in the Museum at Constantinople. It shows a property 

of about 600 acres, divided up into a number of plots, 

for each of which two independent measurements of 

area are given. It is dated in the third dynasty of Ur, 
in the reign of [bi-Sin. 


error and to allow for their having been measured on 
a spheroidal surface, in such a way as to make them 
consistent, so that the lengths of all the rays in the 
network can be computed. Further, given the latitude and 
longitude of any one point in the network, the latitudes 
and longitudes of all the points can be found provided 
that the angle which one ray makes with the direction of 
true North through the given point is known. In this way 
the distance between points hundreds of miles apart can 
be determined with very little error. It is very important, 
however, to realise that this method is not entirely indepen- 
dent of dynamical considerations, since the angles of the 
triangles must be measured in the horizontal plane, and 
this can only be specified physically. Conversely, of course, 
the full interpretation of gravity surveys requires geometri- 
cal data. 

With the technique of triangulation, a return on a much 
higher level to the method used by Eratosthenes to 
determine the dimensions of the earth became possible. 
The ancients had assumed the earth to be a sphere, the 
size of which can be fixed by the knowledge of a single 
quantity, the radius. If therefore no account was taken of 
experimental error, the measurement of one arc of meridian 
together with the latitudes of its endpoints would be 
sufficient. To investigate the dimensions of a spheroid, 
two pairs of points defining meridional arcs in different 
latitudes must be selected, and the latitudes of each pair 
together with the distance between them must be deter- 
mined. For the carrying out of such measurements, 
triangulation was well suited. Extensive triangulations 
were carried out first in Holland and subsequently in 
France. The results of the latter published by Jacques 
Cassini in 1720 under the title ““Grandeur et figure de la 
terre’’ seemed to indicate that the earth was a prolate 
spheroid.* On the other hand, Newton had postulated an 
oblate spheroid, and this result was supported by certain 

* The difference between oblate and prolate spheroids is as follows. 
An oblate spheroid is the surface generated by rotating an ellipse 
about its minor axis. A prolate spheroid is the surface resulting 
from rotation about its major axis. As examples which must not be 


taken too strictly, a tangerine has the shape of an oblate spheroid; an 
egg, discounting its asymmetry, has the shape of a prolate spheroid. 
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physical observations; Richer had noted from the obser- 
vations he made of the swing of a pendulum while on an 
expedition from Paris to Cayenne in 1672 that—in con- 
formity with Newton’s second postulate—the value of 
gravity was less at Cayenne which is nearer the equator 
than Paris. The discrepancy between Newton’s theory and 
Cassini’s observations gave rise to the celebrated Newton- 
Cassini controversy, which was settled later in favour of 
Newton when more evidence had been collected, part of 
it in two famous expeditions. 


The Expeditions to Lapland and Peru 


It was understood that errors of observation could still 
be large enough to vitiate results obtained from so small a 
range of latitude as that in France alone, and in order to 
settle whether the earth-spheroid were oblate or prolate, 
the French Academy of Sciences decided to send expedi- 
tions to determine the length of a degree of latitude at 
points as widely separated in latitude as possible. The 
places chosen were Lapland and Peru, or rather the 
Presidency of Quito, then part of the Spanish colony of 
Peru, but now part of Ecuador. 

The expedition to Lapland took place in 1736-7, and 
was remarkable for the measurement of a base-line over 
the frozen river Tornea. The expedition was headed by 
de Maupertuis, of whom it was said that he had “flattened 
at once the poles and the Cassinis’’, and numbered amongst 
its members the celebrated mathematician Clairaut and 
the astronomer Celsius. Co-operation between the leaders 
of the expedition was excellent and they were thus enabled 
to complete their work rapidly and return within a short 
time. 

The expedition to Peru did not run anywhere near so 
smoothly. Considerable personal disagreements between 
the leaders hampered the work throughout, and in addition 
there was poor transport, bad weather, and the recurrent 
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Fic. 3.—A Ptolemy map of Egypt from the 1490 Rome edition. 
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hostility of the natives. Chains of triangulation were 
observed in the Cordilleras, where it often took several 
weeks to obtain one reading owing to mist and rain. For 
the rest, the adventures of the expedition read like a 
historical romance, even to one of the members being 
assassinated as a result of the jealousy engendered by his 
marriage to a local beauty! The chief members of the 
expedition were Bouguer, Godin, and La Condamine, all 
of whom carried out much general scientific work apart 
from their geodetic researches. La Condamine, famous for 
the discovery of rubber in 1736, was also the first to 
describe scientifically the cinchona tree, and to recommend 
the use of quinine in the treatment of fever. The famous 
botanist Jussieu also accompanied the geodesists. It will 
perhaps suffice to show the extraordinary character of this 
expedition if we mention that although they set out from 
France in 1735 and the first member returned in 1744, the 
last member did not find his way back until 1773. 

The results of both expeditions together with subsequent 
measurements in France resulted in the general acceptance 
of the Newtonian theory. Nevertheless, there remained 
several discrepancies which were larger than could possibly 
be explained by experimental error. These discrepancies 
are of considerable importance, and we shall discuss them 
later. 


The Development of European Survey 
Organisations 


There was a steady development of triangulation 
throughout the eighteenth century, occasioned more by 
the necessity for maps than by the purely scientific require- 
ments for data concerning the dimensions of the earth. 
Some further theoretical investigations were carried out, 
however, notably by Clairaut, D’Alembert and Laplace. 
Clairaut gave theorems relating the values of gravity at 
different latitudes with the size and shape of the earth, 
while d’Alembert and Laplace showed 
how the dimensions of the earth 
entered into the problems of celestial 
mechanics. From these considera- 
tions, Laplace in his ‘“‘Traité de 
mécanique céleste’’ obtained a value 
of =4, for the earth’s flattening. 

The early arc measurements were 
undertaken specifically in order to 
determine the dimensions of the 
earth. At first only meridian arcs 
were used, since latitude could be 
measured more easily and_ with 
greater accuracy than longitude, but 
as the measurement of longitude 
progressed with the invention of the 
chronometer,* and later the electric 
telegraph and time signals, arcs of 
parallel and oblique arcs were used. 
Today information in triangulation 
of a whole area can be utilised in 
figure of earth determinations. 

* The accurate determination of longi 
tude at sea was so important that valuable 
monetary prizes were offered to the inven- 


tors of accurate chronometers, thus giving 
a great spur to their development. 
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Fic. 4.—Theodolites, ancient and modern. Fic. 4A (/eft).—Ramsden’s 3-ft. theodolite, 


constructed about 1790. Fig. 4B (right).—A modern theodolite. 


(Fig. 4A, Crown 


Copyright, by courtesy of the Director of the Science Museum; Fig. 48, by courtesy of 
E. R. Watts & Son, Ltd.). 


The growth of the national survey organisations was due 
to more practical considerations than the determination 
of the earth’s figure, however. Triangulation was pushed 
ahead on account of its importance for map-making, for 
the cataloguing of land resources and for the construction 
of public works such as roads and canals, the need for 
which was growing in the new industrial society. Behind 
all this, there was always the spur of military needs. Al- 
though the first triangulations for arc measurements were 
carried out by scientific men working with only a few 
helpers, the task of surveying and mapping a whole 
country necessitated an organisation with considerable 
resources, and on account of the important nature of the 
work and the large expense involved, geodetic survey in 
the eighteenth and nineteenth centuries rapidly became a 
State responsibility. It should be noted that although we 
may fix the relative positions of points over a certain area 
of the earth’s surface by means of a triangulation, the 
transference of this information to a sheet of paper in the 
form of a map is a further problem. The representation of 
the curved surface of the earth on a plain sheet of paper 
can be carried out in several different ways with more or 
less distortion, a certain degree of distortion being, of 
course, unavoidable. In fact we find that different types 
of map are required for different purposes, and this 
question is again met with in connexion with navigational 
charts for radar aids. The importance of maps for military 
Purposes is reflected in the fact that in England, France, 
and Germany the survey organisations were under military 
direction; note the titles, Ordnance Survey (originally a 
branch of the Royal Artillery), Dépét Général de la Guerre 


in France, and Trigonometrische Abteilung des General- 
Stabes in Prussia. 

In Britain, official mapping dates from the Highland 
Rebellion of 1745, but work did not really get under way 
until 1783, when the French approached the Royal 
Society concerning “the advantages of a geodetic con- 
nexion between the Observatories of London and Paris’’. 
By this they meant the setting up of a network of triangula- 
tion joining the two countries, which necessitated taking 
observations across the Channel. This was in fact done, 
and one of the commissioners for the geodetic connexion 
on the French side was the mathematician Legendre. 

Developments in France at this time were very important. 
During the French Revolution, the French Constituent 
Assembly in 1791 decreed the Commission des Poids et 
Mesures to put an end to the diversity of standards of 
measurement as a necessary preliminary to the breakdown 
of feudal barriers within France so that trade and com- 
merce could flourish. In particular, it was decided that the 
unit of length, to be called the metre, should be defined as 
the ten-millionth part of the meridian quadrant of the 
earth’s circumference. Such a definition eliminated all 
local and national jealousies, and was from a certain 
point of view a logical choice since it was based on the 
dimensions of the earth itself, but in practice it was bound 
to give rise to difficulties, since no determination of the 
quadrant could ever be absolute and not subject to further 
improvement. In fact, it meant, therefore, that the metre 
was to be defined as one ten-millionth of a particular 
determination of the earth’s quadrant, which the French 
forthwith proceeded to initiate. The scientists most 
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hic. 5.—Triangulation Network for the North of 

Britain, as observed in the middle nineteenth century, 

is shown by the solid lines. The dotted lines are 

incidental. (From A. R. Clarke’s “‘Geodesy”’, 1880, 
Clarendon Press.) 





responsible for this definition, namely Delambre and 
Laplace, must clearly have been aware of this, but their 
choice is to be attributed to the search for a scientific 
unit of universal application, in conformity with the 
general philosophical ideas of the Revolution. The old 
French unit was the “‘toise’’ (about 6 ft. 4-7 in.), and the 
standard was the “‘toise of Peru’, so-called after the bar 
used by La Condamine in the famous expedition. After 
the new triangulation of the Meridian of Paris, carried out 
by the French from 1792-98, the metre (known as the 
‘legal’ metre) was found to be 0-513 of the toise of Peru. 
The fragmented state of Germany delayed the develop- 
ment of geodesy in that country until the early years of the 
nineteenth century, but after the wars of the Revolution 
and the Empire, progress was very rapid. The first great 
figure was Gauss (1777-1855), whose work in geodesy, as 
in so many other subjects, was outstanding. Indeed, 
although the modern theory of geodesy was created in 
France by Legendre, Laplace and Puissant in the seven- 
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teenth and eighteenth centuries, the main advances in the 
mathematical theory of geodesy during the nineteenth 
century took place outside France. Germany in particular 
with Gauss and Bessel, followed later by Helmert, did 
outstanding work in this field. Considerable practical and 
theoretical advances were also made by Colonel Clarke 
in England, whose work has not always been assessed at 
its true value, by Colonels Everest and Walker in India, 
and by Andrae in Denmark. The importance of geodetic 
work at this time had a very considerable influence on the 
development of several branches of mathematics. 


The different figures of the earth 


We have already mentioned that since the expeditions to 
Lapland and Peru, the shape of the earth has been generally 
taken to be an oblate spheroid. Nevertheless, this state- 
ment requires qualification, since it is clearly impossible 
to describe the actual irregularities of the earth’s surface 
by any simple mathematical formula. There is, however, 
a surface which is much more nearly regular than the 
physical surface of the earth, namely the surface of ‘mean 
sea level’. We shall make no attempt to give a precise 
definition of this phrase here, but its broad meaning will be 
quite plain, especially to anyone who has ever used a 
contoured map. This mean sea level surface is very closely 
approximated by an oblate spheroid, and this is what 
we mean when we describe the earth’s shape in this way. 

There are, however, further difficulties even when we 
have surmounted this hurdle. For reasons which are 
inextricably connected with the actual carrying out of a 
triangulation, different countries use spheroids of slightly 
different shapes and sizes, with their axes all pointing in 
slightly different directions! This has most serious practical 
consequences. One of the results is that the triangulations 
of different countries, although internally consistent 
(since the method by which the calculations are performed 
ensures that they are so) are not consistent with one another, 
and in fact there are discontinuities in the values of 
latitude and longitude as we cross national boundaries. 
An example will make this clear. Boulogne can easily be 
observed from the south coast of England and can thus 
be brought directly into the English triangulation net- 
work. This has in fact been done, and the position of 
Mont Lambert beacon, near Boulogne, in the English 
system is given by 

Latitude 50° 42’ 58-5’ N. 

Longitude 01° 39’ 10-2” E. of Greenwich. 


But for the same point in the French system, the values are 
Latitude 50° 43’ 03:9" N. 
Longitude 01° 39’ 06-2” E. of Greenwich. 


This represents a discrepancy in position of 200 yards. 
The problem of effecting a geodetic connexion which will 
enable this difference to be calculated and allowed for is, 
therefore, of great importance for precise work, and 
problems of this type became peculiarly important during 
the war in relation to radar navigation and blind bombing. 

The use of these different figures of the earth has not 
arisen as a matter of arbitrary choice or even mainly of 
national pride, but is intimately connected with certain 
practical difficulties which in the present state of our 
knowledge cannot be satisfactorily overcome. Further 
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international planning of a research programme 
could doubtless eliminate the difficulty in the 
future, but meanwhile the diversity of figures of 
the earth, and geographical positions based on 
them, will remain. Some of the more important 
figures of the earth, named after the geodesists 
who computed them and the date of publication, 
are listed below, together with a selection of the 
countries in which they are used. 


Equatorial 

Phen 2 cow — yeti d 

(metres) g where use 

Everest 1830 6377304 1/300°8 India 
Bessel 1841 6377397 1/299-2 Germany 
U.S.S.R. 

Airy 1849 6377542 1/299-3 Great Britain 

Clarke 1866 6378206 1/295-0 U.S.A. 

Hayford 1910 6378 388 1/297 Belgium 


In general, there is little to choose between the standard 
figures of the earth for internal use in any particular 
country, but there would be great advantages, especially 
in theoretical researches, in having one international figure 
to which all surveys were related, even though we could not 
yet locate the different national surveys in their correct 
relative positions on it. Accordingly, at a Congress of the 
International Union of Geodesy and Geophysics held at 
Madrid in 1924, it was decided to adopt as a standard 
figure for international use the spheroid of Hayford (1910). 
Unfortunately, very few countries have used it in practice, 
among the reasons for this being the fact that to recompute 
a triangulation on a new figure would occupy much of the 
resources of many of them for some years. 

Measurement of arcs or even triangulation of extensive 
land areas can never be a definitive method for determining 
the figure of the earth, since the continents only cover 
about one quarter of the surface of the globe. Another 
method which has become increasingly important is that 
of gravity survey. If the value of gravity is observed at a 
sufficiently large number of points, this information can 
be used directly in determining the shape and size of the 
earth. The measurement of gravity intensity is carried out 
using pendulums, and since the invention by Dr. Vening 
Meinesz of a technique by which reliable readings may be 
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Fic. 6.—Measurement of Lough Foyle Base with 
standard bars. (From Hinks, **Maps and Survey”, 
CHP 3 


obtained at sea, this method has become of great impor- 
tance on account of its universal applicability. 


Geodesy and Radar 


I have discussed very briefly those problems of geodesy 
relating to the determination of the figure of the earth and 
the accurate location of terrestrial points on some assumed 
figure of reference. At the same time I have tried to show 
how closely at all periods these problems have been linked 
with other theoretical and practical scientific problems 
and the general necessities of the epoch in which they 
arose. In a subsequent article a description will be given 
of the principles underlying the construction of naviga- 
tional charts for use with the radar aids, Gee and Loran, 
and the employment of other radar aids for mapping and 
survey purposes in conjunction with aerial photography. The 
use of radar over far greater distances than those occurring 
between intervisible points in a triangulation gave rise to a 
number of interesting mathematical problems which were 
successfully solved during the war, and there now exists 
the possibility that radar itself may, together with the 
methods already described above, prove to be yet another 
means of obtaining valuable data concerning the shape and 
size of the earth. 


COMMERCIAL ATOMIC POWER: HOW SOON? 


ALTHOUGH long-range prospects for atomic energy are 
bright, large-scale, practical commercial applications of its 
power are not near at hand, said Mr. David E. Lilienthal, 
chairman of the U.S. Atomic Energy Commission last 
month. He emphasised this during an address delivered 
at Detroit, in which he refuted charges that U.S. ‘“‘military 
imperialistic passion’”’ blocks the use of atomic energy to 
solve Europe’s need for a new source of energy and heat. 

“The fact should be faced squarely that the first com- 
mercially practical atomic power plant is not just around 
the corner, but around two corners”, he declared. 

“In point of fact, the immediate importance of the dis- 
coveries concerning nuclear fission does not seem to me 
to be a new source of electricity and heat at all. The 
immediate importance, it seems to me, lies rather in the 
fact that there is one of the most powerful levers that has 


ever come to the hand of man by which he can pry open 
new doors of knowledge, long closed to him.” 

As to the future of atomic energy, Mr. Lilienthal said: 

“The final question is that of a time estimate. Just 
when will the first atomic power plants begin to appear? 
How fast can the industry grow? 

**Answers to such questions as those cannot be precise. 
It would not be quite truthful to say that your guess is as 
good as mine, but I can say with complete sincerity that 
I don’t believe anybody’s estimate is more than an edu- 
cated guess, and no one’s’ guess is very educated. This 
much you can count on: If we don’t go at it with vigour and 
a sense of urgency, if we go to sleep on the job, it will take a 
hundred years. The most common estimate or guess is from 
eight to ten years to overcome the technical difficulties and 
have a useful practical demonstration plant in operation.”’ 
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Fic. 1.—The world’s first gas turbine locomotive. 
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FRANK FERNEYHOUGH 


As yet, there is only one gas turbine locomotive in regular 
railway service in the world: Number 1101 operated by the 
Swiss Federal Railways and built in 1941 by Brown 
Boveri, the Swiss engineering firm. Locomotive engineers 
everywhere, at home and abroad, are watching its develop- 
ment and performance keenly, for already it is proving 
its merits and promising to influence strongly the course of 
future locomotive history. 

The gas turbine has been described as the latest power 
unit, providing “horsepower for every class of service on 
the land, the sea, and in the air’. On the locomotive, the 
gas turbine unit itself, though most important, is only one of 
several main components, for it is used to drive a generator, 
which in turn supplies electricity for the motors geared up 
to the driving wheels. As such, it is a complete power house 
on wheels. 

In common with other gas turbines, both stationary 
and mobile, the gas turbine locomotive houses as its prime 
mover a gas turbine engine which utilises hot gases gener- 
ated in the firebox or combustion chamber to rotate the 
turbine blades. But as a locomotive, it needs to be able 
to carry sufficient fuel for reasonable runs with average 
trains; it needs also to be interchangeable with locomo- 
tives of other types already in service. Tunnels, gradients, 
changing elements, availability, preparation for service 
are other important considerations in the working of a 
railway locomotive; and on all counts the gas turbine 
shows up extremely well. 

The Swiss locomotive is fuelled by oil sprayed continu- 
ously into the firebox which is also fed by air under 
pressure. The oil spray is ignited by a remote-controlled 
ignition rod, and the gases thus produced are directed 
through the turbine chamber and rotate the turbine blades 
which are mounted on a spindle. The rotating spindle 
transmits the power to the generator. 

Fig. 2 is a section of the gas turbine generator set, and 


is shown mounted on to the locomotive frame. Ordinary 
air from the atmosphere enters the compressor (C) through 
the inlet (7), and is compressed to about 45 pounds per 
square inch. It is then forced, via the large pipe (8), 
through the tubular pre-heater (D) and thence into the 
firebox (A). Fuel is sprayed into the firebox by the fuel 
nozzle which is directed downwards. The fuel is burnt and 
the mixture of the gases resulting from combustion and 
residual air then passes on to the turbine (B), rotating 
the blades. Incidentally, the driving agent is practically 
90% air. 

The temperature of the mixed gases reaches over 1000° F. 
Having performed their main task, the gases are still at a 
high temperature. In passing to the atmosphere, therefore, 
instead of the heat being wasted, it is circulatéd round the 
tubes in the pre-heater, thus raising the temperature of the 
fresh air on its way to the firebox. When the exhaust gases 
finally pass into the atmosphere through the exhaust slits 
(6) the temperature is about 500° F. 

The connexion from the turbine spindle to the generator 
(F) through the gearing (E) may be followed on the 
diagram. : 

One of the biggest advantages of the gas turbine is its 
comparative mechanical simplicity; one of the greatest 
problems it presents, however, is the manufacture of metal 
alloys capable of withstanding the high temperatures 
generated in the firebox or combustion chamber. When 
this problem is overcome, so will the power possibilities 
become greater. Much has been achieved in this direction 
with jet-propelled aircraft. 

To start up the gas turbine, a small diesel engine is 
utilised to drive an auxiliary generator. The power from 
this operates the main generator which for the time being 
acts as a motor to start up the gas turbine-compressof 
set. When the machine has reached a given speed, the fuel 
is turned on into the firebox and then ignited. The turbine 
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Fic. 2.—Section through gas-turbine locomotive set. 


6. Exhaust slits. 

7. Air inlet to compressor. 
8. Air pipe. 

9. Expansion pieces. 


\ 
| 
] 
V4 
A. Combustion chamber. 1. Entrance to combustion chamber 
B. Gas turbine. 2. Cooling slits. 
C. Axial compressor. 3. Fuel nozzle. 
D. Air pre-heater. 4. Entrance to turbine. 
E. Gearing. 5. Entrance to pre-heater from 
F. Generator. exhaust. ' 
G. Machine frame. 


then operates the generator with sufficient margin of 
power to work the compressor, which is of the multi- 
Stage axial-flow type. It takes about five minutes between 
Starting up and the time the turbine is ready to pull a 
train. An interesting comparison may be made with the 
Steam locomotive, which takes from two to three hours 
to put into steam from being cold. 

The gas turbine fuel oil needs to be atomised and sprayed 
into the firebox. For this to be performed effectively, the 
oil needs to be pre-heated by the exhaust gases. But until 
this pre-heating arrangement is fully operating, diesel oil is 
used as a fuel, the changeover to bunker oil being effected 
as soon as it reaches a temperature of about 80 to 100°C. 
Diesel oil is much more costly than bunker oil, but the 
amount used for an average day’s train working is barely 
1% of the bunker oil consumption. 

The locomotive is mounted on six axles; the two end 
ones are carrier axles and each of the other four is driven 
by a separate electric motor. The two centre axles are 
rigid with the locomotive frame, the others being built on 
two swivel trucks. In accordance with Swiss railway 
Practice, the wheel arrangement is called 4/6, a code 
indicating that four of the six axles are powered. For 
comparative purposes, a similar wheel arrangement on a 
British steam locomotive we would call 2-8-2. 

In appearance, the locomotive is conventional enough, 
and might easily be taken for a diesel-electric machine, 
or (except for the absence of overhead power wires or 
Power rails) an electric machine. As with electrics and 
with diesel-electrics, the gas turbine locomotive may be 
driven from either end, avoiding the necessity for turning— 
a costly and inconvenient operating feature of the steam 
locomotive. 


It is always the aim of locomotive engineers to simplify 
the controls as much as possible, so that the driver may 
give full attention to watching the track and reading the 
signals; and in common with other types of locomotives, 
the gas turbine has two main controls: the driving lever 
or controller, and the brake. The braking is operated by 
air pressure in common with many electric and diesel- 
electric locomotives. 

With the operation of the driving lever, a definite 
quantity of fuel and the speed are adjusted, giving a 
definite output. 

To protect the gas turbine against the strain of over- 
loads, a servo field regulator is employed. The locomotive 
weighs over 80 tons, which is as heavy as many medium- 
sized British steam locomotives. It is rated at 2,200 h.p. 

Railway operating departments are of necessity conser- 
vative bodies; consequently this locomotive has spent 
several years in experimental working, mainly in Switzer- 
land and France. Much data has been collated by both 
the builders and the railways. The graphs in Fig. 3 
represent operating data of the locomotive set as measured 
in the test bay. Brown Boveri, the builders, having had 
many years’ experience in the building of gas turbines, 
claim that they are able to measure with considerable 
accuracy the thermal efficiency of this locomotive, and to 
calculate most reliably the thermodynamic efficiencies of 
other locomotives they may build. The top graph (1) 
indicates the thermal efficiency in per cent up to 2,200 h.p. 

No matter how careful the calculations which go into 
an engine’s design, it is on the track with its gradients and 
curves and with the engine pulling heavy trains under hard 
conditions that a locomotive must prove its practical worth. 
As stipulated in the contract with the builders, the Swiss 
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07 8—_____,— opposite is the case with the gas turbine locomotive, in 
— > fact, a reduction in outside temperature of about 55°F. as 
ans eimin experienced in different altitudes or seasons increases 16 

the power of the gas turbine unit by something like 40% 

AS woe and the thermal efficiency by about 20%. With this par- 
ticular locomotive, this extra power cannot be transmitted 

ie mene into tractive effort; to do so would require relatively larger 
: generator and traction motors. Such extra power, how- 
500710 ~ amen —+—— 999 ever, may be usefully employed in providing heat for the 
| | 9) Passengers under conditions when it is most needed. For 

a eR ——— + | trains that are electrically heated—the most common 

50- + 700 : ‘ 

, | | | method in Switzerland—the extra power generated may be 
«| 00y%— ‘cn omnes tee —~—7 °° used directly. For steam-heated trains, it is a simple 

ot 4 | | 7 500 ~—s matter to produce steam by means of an electric boiler. 
200+-4— es Geer or coe ates + 400 Fuel consumption is a prime factor in railway loco- 
204 if | motion: not only its cost but also its availability. The Swiss 
aT ‘ie: oman 2 ‘pears gas turbine locomotive is a little heavier in its consumption 
of oil than the diesel type; but to offset this, a much lower 
an eee eee eee eee) quality oil is found perfectly satisfactory. A bunker oil 


Fic. 3.—Operating data of locomotive set. The four 


curves show respectively: 

(1) Thermal efficiency at coupling between gearing 
and generator (as percentages). 

(2) Revolutions per minute of generator. 

(3) Gas temperature at turbine inlet in ° F. 

(4) Air pressure at compressor outlet in pounds 
per square inch. 

The abcsissae show power at coupling in h.p. 


Federal Railways required to operate the locomotive in 
normal service for a whole year before finally taking it over. 
The year ended in July 1944 during which the locomotive 
covered over 30,000 miles with trains over trying gradients, 
and under the varying elements the Swiss climate brings. 
Routine maintenance was performed and results carefully 
watched; and not once in this period did the locomotive 
have to be withdrawn from service for any kind of fault or 
failure. It was duly taken over by the Swiss Federal 
Railways. 

The consumption of air and exhaust gases are so great 
that at one time it was considered there might be difficulty 
in re-Starting the engine should it stop in a narrow single 
line tunnel; or that should the locomotive have to stand 
for any length of time in such a tunnel, the exhaust gases 
might be distressing to passengers. Thorough tests in the 
narrow St. Ursanne-Courgenay tunnel however completely 
dispelled both these apprehensions. 

The locomotive is actually designed for speeds up to 
approximately 69 m.p.h.; in practice it is capable of con- 
siderably higher speeds, and on one occasion in the 
Zurich district approached nearly 80 m.p.h. 

A feature of prime importance in this rotary action 
locomotive is that it is practically vibrationless, for there is 
not the thrust and parry of the reciprocating engine. It 
would be difficult to estimate the cost in maintenance to 
locomotive, train and track due entirely to the vibrations 
and jerks of the piston actions of either steam or diesel- 
electric machines; but in engineering circles it is accepted 
as being heavy. A considerable advantage is brought by 
this lack of vibration which can so very easily and quickly 
develop a slack fitting into a loose joint, and a loose 
joint into a failure. 

With a steam locomotive, the higher the atmospheric 
temperature the greater the thermal efficiency. The 


is used which, for instance, costs barely half the price of 
diesel oil. Another important factor in running costs is 
that, having considerably fewer moving parts than the 
diesel, a much lower quantity of lubricating oil is required. 
It is worth observing that roughly from 10% to 30% of 
fuel costs for the diesel locomotive goes in lubrication. 

Heavy bunker oil being the least expensive in most 
countries, it is likely to be the most common for fuelling 
gas turbine locomotives, though almost any liquid fuel may 
be employed, including vegetable and tar oils. 

The inventive genius behind the gas turbine locomotive 
is that of Dr. Adolph Meyer, one time assistant professor 
at the Swiss Federal High School of Technology, Zurich. 
He constructed his first model in 1930, and though a gas 
turbine was produced for industrial use in 1935, he worked 
on his model for ten years before the gas turbine locomo- 
tive became a reality. 

Brown Boveri are now building a gas turbine for Britain’s 
Great Western Railway, a machine similar to the one in 
use in Switzerland, except that it will be 2,500 h.p., will 
weigh about 113 tons, and is designed for speeds up to 
90 m.p.h. Four of the six axles will each have a separate 
electric motor. The locomotive will burn furnace fuel oil 
and carry sufficient for 250 miles—to cover such non-stop 
runs as Paddington to Plymouth. The fuel consumption 
of this machine is expected to be less than half for equal 
work done by top-class express steam locomotives used 
on the G.W.R. It is designed to haul the heaviest express 
trains at top speeds. 

In addition to this machine, the G.W.R. have also 
ordered a gas turbine locomotive from the Metropolitan- 
Vickers Electric Company of Trafford Park, Manchester, 
the locomotive framework to be built at the G.W.R. 
works at Swindon. This, too, is to be of 2,500 h.p. and 
capable of speeds with the heaviest trains up to 90 m.p.h. 
But instead of four of the six axles being motor-driven, 
all six are powered, making the locomotive’s entire weight 
of about 120 tons available for adhesion. This will enhance 
its performance on heavier gradients; | in 80 is not un- 
common on the G.W.R. for lengthy runs; several on the 
main line between Exeter and Plymouth are as steep 4s 
1 in 40. An added advantage of all the wheels being 
powered is that the locomotive may on occasion be switched 
over to heavy goods train working. It certainly appears 
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Fic. 4.—The locomotive can be controlled from either end (A or B). In this diagram of the control system, 
the main components are as follows: 


1. Compressor. 12. Fuel nozzle. 15. Reversing switch. 

2. Firebox. 13. Remote controlled ignition rod. 18. Pipe to fuel control oil system. 
3. Gas turbine. 14. Main throttle—a wheel with 19. Speed control oil system. 

4. Air pre-heater. double valves and excitation 27. Emergency excess speed gov- 
6. Generator. resistor control. ernor. 

7. Fuel pump. 


that the G.W.R. will be the first British railway to operate 
a gas turbine locomotive. 

Other countries beside Great Britain and Switzerland 
are examining the prospects of gas turbine for their own 
railway systems. Already they have been considered at 
length in Germany and Italy; the French National Rail- 
ways borrowed the Swiss locomotive for a period of 
experimental working; America is already building some. 

The gas turbine requires an accurately controlled flow 
of fuel into the combustion chamber and it is planned to 
pulverise the coal automatically and continuously on the 
locomotive itself by an air-operated atomiser. As much as 
three tons of coal an hour may be consumed on this type 
of locomotive, calling for large storage capacity on the 
locomotive and compact pulverising apparatus. Runs of 
up to 1000 miles will be possible without refuelling. 

Coal fuelling of the gas turbine brings the problem of 
abrasion of the turbine blades caused by flying ash particles, 
though they be of the hardest materials. A solution lies 
in the use of cyclone separators perfected by an American 


engineering firm, which remove over 90°% of the ash trom 
the combustion chamber. ; 

These and other problems cannot help but keep gas 
turbine locomotives in the experimental stage for some 
years, but for the oil-fuelled type the Swiss firm of Brown 
Boveri have certainly laid solid foundations. Based on 
practical experience with their first engine, they have 
already produced extensive designs for others of higher 
horse-power with lower fuel consumption. There is the 
likelihood too that in the higher power groups the gas 
turbine will seriously rival any other type of locomotive, 
for much power may be housed in small space. 

Power for power against the diesel-electric type, the 
gas turbine locomotive on available evidence appears 
to be cheaper to build, cheaper to run and maintain, and 
of considerably lower depreciation. Locomotive engineers 
do not expect it will ever displace either steam, diesel- 
electric or the electric types, since each has its own peculiar 
advantages. It is expected, however, to find for itself a 
permanent place on the railway tracks of the world. 
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First research institution to be established in Britain on} lines of Amet 
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n Britain ontlines of America’s Mellon Institute is the Fulmer Research 
re, which waopened this summer. It is housed in a beautiful country 
10,000 squareet of floor space. 7000 square feet are available for experi- 
rkshops and}00 square feet for laboratory storage. In the words of its 
I.M., the ob of the Fulmer Research Institute is “‘to provide research 
search privat@ for any sponsor, or group of sponsors, the result arising 
rol of the pede who pay for the work.” Mr. Liddiard who was formerly 


s Metals Rearch Association heads a staff numbering just under fifty, a 
ncludes metafgists, chemists, engineers and physicists. The institute is a 
will be distuted and any excess of income over expenditure will be 
ute can offe;At present the work is confined mainly to the solution of 
tend the Instife’s scope so that it can carry out researches in a wider field. 





Top centre: View of main building of the Institute, which 
houses the chemistry, physics, engineering and 
metallographic laboratories and administrative 
offices. 

. Adjusting and applying load to specimen for testing 
‘fatigue’. The Haigh fatigue testing machine 
shown applies to the specimen a load alternating in 
compression and tension. 

. Sparking metal specimens for spectrographic 
analysis. The light from the spark is analysed by 
a prism in the spectrograph and photographed. 
Lines appear on the photographic plate which from 
their wavelength and intensity show the nature 
and approximate amount of metallic elements 
present in the specimen. 

. Examining metal specimens under the Bausch and 

Lomb microscope. Specimens are polished and 
then etched, and the crystalline structure of the 
metal can be studied at magnifications up to 2400 
times. 
Adjusting extensometer to measure deformation of 
metal under load at high temperature in a ‘creep’ 
testing machine. Alloys capable of carrying a 
sustained load without flowing or ‘creeping’ at high 
temperatures are very important. 

. Part of the laboratory workshop where apparatus 
is built and specimens are prepared. 

. Inserting a metallic specimen in tensile testing ee ; 2: 
machine to test strength, ductility and elastic ed eae isi eer | 
properties. . 42 5 bein 
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The Mellon Institute 


E. F. MACTAGGART, B.Sc., A.R.C.S., M.I.Chem.E. 


‘“‘THE present condition of American manufacture is one 
of inefficiency. Every informed manufacturer today (and 
most uninformed) knows that he has problems of serious 
moment, problems so important that in the conditions 
that obtain today their lack of solution means imminent 
loss for his individual instance of the industry. It may be 
safely said that wherever there is the smoke of a factory 
chimney there are serious problems. To such an extent is 
this true that any intelligent chemist might very cheerfully 
accept a wager to go into any factory, and inside of three 
days point out problems whose reasonable solution would 
make large differences in the dividends of the company; 
it is not said that he could solve these problems, but rather 
that they can be solved by the chemist, and the chemist 
alone. Many a story might be told illustrative of the 
amateurishness which pervades American manufacture, as 
differentiated from its expert office management.” So 
wrote Robert Kennedy Duncan in Some Chemical Problems 
of Today, which he published in 1911 and which may 
justifiably claim to be the earliest attempt at publicising the 
value of truly scientific investigation of industrial problems. 

In 1907 Duncan was Professor of Industrial Chemistry 
at Kansas University where, struck with the lack of under- 


standing which the average industrialist had for the value 
of the chemical graduate, he instituted a series of ‘‘Indus- 
trial Fellowships’, whereby graduates were granted a sum 
of money to investigate problems put forward by the donor 
of the fellowship. Sometimes these problems were of a 
very specific nature and at other times more general in 
conception, but the results of the work could usually be 
submitted in the form of a thesis for a higher degree and 
in general they were not dissimilar to some of the Industrial 
Bursaries and grants now commonly given by the larger 
British firms, except that the work tended to be rather 
more applicational than fundamental. 

The value of these fellowships varied from $500 to 
$2,000 per annum in the early days, but there was usually 
a clause providing for the participation of the fellow in 
the profits of the industrial exploitation of his work. 

By the middle of 1911, six fellowships had been com- 
pleted and another dozen were in progress. 

The work was of a diverse nature, varying from studies 
of bread-making to smoke abatement, and borax to the 
extraction principles from the ductless glands of whales, 
the latter project being carried out by E. R. Weidlein, 
now director of the Mellon Institute. 
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While the system was still in operation at Kansas, 
Professor Duncan was invited by Andrew W. Mellon and 
his brother, Richard B. Mellon, to start a similar system 
in the University of Pittsburgh. They were deeply im- 
pressed by the fundamental soundness of the scheme 
whereby young men were trained to useful careers in 
research and industry and at the same time the public, 
through the sponsoring corporation or other bodies, were 
receiving the benefit of their work and in consequence in 
1913 they founded the Mellon Institute so as to put the 
Fellowship System on a sound and permanent basis. 

So successful was the venture that within two years new 
laboratories had to be built and in these the work was 
carried out until the move was made into the magnificent 
buildings which now house the Institute. 


The Fellowship System 


When Professor Duncan initiated his scheme in 1907 it 
is probable that there were few sufficiently farsighted 
industrialists in any part of the world who had thought 
it financially worth while to employ scientists in a Univer- 
sity to solve their medium- and long-term problems. It is 
true that some fundamental research work had resulted 
in the foundation of new industries, but for the most part 
science was but a tool used to control the rule-of-the-thumb 
methods and arts on which most industries were founded. 
Consulting chemists were, of course, employed to look 
into certain specific problems in industry, but with one or 
two notable exceptions the work was for the most part 
more ‘trouble shooting’ than development. Here, for the 
first time, then, was a means whereby continuous, con- 
trolled research work would be carried out for a minimum 
period of one year, under a definite and properly drawn-up 
contract whereby the donor or sponsor was to receive all 
the benefit of the results obtained. This system, started 
forty years ago, still persists today in much the same form 
except that whereas originally the actual stipend was small 
and a substantial bonus was included on results, today 
the fellow is paid a definite and adequate salary and is 
under agreement with the Institute. He may, of course, 
receive a bonus on the work done if this is the usual custom 
of the donor company. 

All inventions and discoveries made during the course 
of the work are assignable to the donor and the Institute 
cannot make any profit out of the work. 

In order that there shall be no conflict of interest, only 
one assignment in a particular field is undertaken at one 
time, and in order to safeguard these interests, the scope 
of the work undertaken is carefully defined, so as to avoid 
overlapping. Indeed, should a fellow in one branch make 
a discovery which is more applicable to the work of a 
donor in another section, the latter is given the opportunity 
of acquiring an interest in it. 

Serving under the Director are a number of Assistant 
Directors, whose work is almost entirely administrative. 
In the case of individual fellowships, the fellow may report 
Straight to one of the Assistant Directors, but with multiple 
fellowships, i.e. those in which several fellows are employed 
as a team, there are one or more senior fellows who act as 
group leaders, correlating results and generally supervising 
the work; but no matter what the status of a worker may 
be, he is always encouraged to share his problems with 
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others in the Institute and thereby ensure a mutually 
advantageous exchange of ideas and information. 

Although the senior workers and some of their assistants 
are all classed as Fellows, in accordance with the original 
conception of the organisation, it should be realised that the 
phenomenal growth of the Institute during the past 20 years 
makes this nomenclature now more one of convenience. 

The fellows may either be appointed by a sponsor usually 
from outside his own staff, by the Institute on behalf of the 
sponsor or, as is the case of those working in the Depart- 
ment of Research in Pure Chemistry, by the Institute alone, 
since it has always been an important part of the scheme 
that a certain amount of fundamental research should be 
done concurrently with the more applicational type of work 
which is usually the subject of sponsored research. 

The present building at Pittsburgh which houses the 
Institute is probably one of the most completely equipped 
and impressive series of laboratories and workshops in the 
world. 

Outwardly it appears to be somewhat squat in com- 
parison with its neighbours and particularly the towering 
University of Pittsburgh, and it is only when one has 
crossed the entrance hall to the ring of inner offices on 
the ground floor that it is realised that there is almost 
as much of the building below street level as appears 
above it. 

In plan, the Institute is a hollow square, each side being 
approximately a hundred yards long, with connecting 
wings joining inside in the form of a cross, so forming four 
internal courts. In the main the building is nine stories 
high throughout, four being below the level of the entrance 
hall. Some further idea of the size may be gathered from 
the fact that there are about 400 rooms of various types, the 
whole having a capacity of about 64 million cubic feet. 

As might be expected, the building is magnificently 
equipped to carry out almost every conceivable type of 
technical investigation, but space here does not permit a 
detailed description to be given. 

Broadly speaking, most of the servicing plant is located 
in the lowest floor on the outside of the building, the inner 
rooms, with windows giving on to the court, being mainly 
reserved for pilot plant laboratories. Many of them extend 
to two floors, the outer rooms on the first floor housing 
workshops and stores. 

The social and administrative needs of the Institute are 
well catered for and an auditorium to seat 350, club-rooms 
and refectory for the staff, library and offices, occupy 
nearly two floors. 

The remaining four floors consist of the individual 
research laboratories, and the central analytical labora- 
tories. Certain specialised rooms, such as those for furnace 
work, ceramics, photography, and electro-chemistry, are 
situated in various parts of the building, while special 
sections are devoted to the departments of Research in 
Pure Chemistry and Chemical Physics. 


Present Activities 


In the year 1946-7 there were 295 Fellows and 280 
assistants, the latter consisting of qualified men and 
women, technicians and laboratory hands; the total 
expenditure for pure and applied research amounted to 
$2,697,982. 
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The staff was engaged on eighty separate Industrial 
Fellowships, of which thirty were individual and fifty 
multiple. During the year nearly one hundred scientific 
articles and papers were produced in addition to two books 
and forty-two U.S. patents. A magazine, The Mellon 
Institute News, is published weekly to inform both present 
and past Fellows and others of the activities of the members 
of the Institute. 

The work carried on in the Institute is so varied that it 
would be difficult to make an adequate cross-section of the 
eighty Fellowships, but a number of projects taken at 
random will help to illustrate the versatility of the or- 
ganisation. 

Much of the work undertaken is of a fundamental nature 
and mention has already been made of the Department of 
Research in Pure Chemistry. The function of this section 
of the Institute is to conduct research on subjects of public 
importance such as the synthesis of new drugs and during 
the war particular attention was paid to the preparation 
of anti-malarials. A considerable proportion of the work 
of this department is done at the suggestion of outside 
bodies, such as hospitals. 

One of the earliest Fellowships founded was that on 
petroleum refining, which has been in existence since 1911. 
Starting with comparatively simple objectives, the multiple 
fellowship has recently been dealing with the chemical 
correlation of crude oils and bituminous materials which 
has resulted in more accurate and reliable conclusions on 
geochemical relations. Further work in this section in- 
cludes detailed study of distillation processes, improve- 
ments in the manufacture of paraffin wax, and lubricating 
oil problems. Organic synthesis has been one of the main 
lines of investigation at the Mellon Institute for many 
years, and the present general shortage of many chemicals 
has given this multiple fellowship added importance. It 
has been able to produce substitutes for brake fluids and 
leather-cloth coating materials containing castor oil. 

An interesting example of the help of the service depart- 
ments towards elucidating a complicated problem is seen 
in the study of bone black used in sugar refineries. It was 
realised that there was little probability of finding a 
naturally occurring material which could be activated to 
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reproduce all the properties of natural bone black. Conse- 
quently a synthetic cracked bone was prepared, using as 
the main ingredient a synthetic hydroxyapatite, which 
when heated in a retort gives an X-ray diffraction pattern 
which is almost indistinguishable from that of the natural 
bone black. A pilot plant was designed and erected to 
produce this material, which being substantially free of 
nitrogen, volatile matter and other impurities, is thought 
to be superior for use in sugar refineries. 

Research on new insecticides has been carried out for 
many years at Mellon, some 500 new compounds having 
been made and tested during the past thirty years. Two 
of these, piperonyl butoxide and piperonyl cyclohexanones, 
which are practically non-toxic to all warm-blooded 
animals, are now in commercial production. The addition 
of small quantities of pyretherins seems to activate the 
compounds still further. Zein A, an alcohol-soluble pro- 
tein from maize, inositol, calcium phytate and sodium 
phytate have all been examined for possible commercial 
exploitation. Following on the investigations made at the 


Mellon Institute, zein is finding increasingly wide use in | 


solving adhesive problems of a very varied nature. 

Of a very different nature is the Institute’s work on 
industrial hygiene. This is the concern of a multiple 
fellowship staffed by chemists, engineers, and physicians. 
Much of the work consists of field studies carried out 
in works where such matters as dust exposure and control, 
dermatitis and town atmospheric pollution are studied. 

The mechanism of felting fibres for hat-making and 
similar processes has been the subject of fundamental 
investigations which have entailed the study of internal 
and surface properties of the fibres and their macroscopic 
and microscopic examination. 

Standards for consumer goods, watches, thread, bread, 
chains, piston rings, mine drainage, catalysis, gas by- 
products, mineral products and building materials are but 
a fraction of the subjects under investigation by the 
remaining Fellowships, and it seems likely that the huge 
building which in 1937 appeared large enough for all time, 
is in danger of proving to be inadequate to carry out new 
work which the magnificent record of the Institute con- 
tinues to attract. 


A FUNGICIDAL SPRAY THAT STICKS 


AMERICAN research workers have recently developed an 
entirely new idea in fruit and foliage sprays—an adhesive 
film based upon organic polysulphides. When sprayed on 
plants, substances of this type form a transparent, elastic, 
and web-like film; this film has the fungicidal activity of 
sulphur, is powerfully adhesive, and resistant to rainfall. 
Furthermore, when mixed in compound sprays with other 
spray chemicals, the film-forming capacity is handed on, 
and otherwise non-persistent chemicals are given a much 
longer range of effectiveness. 

One company has already marketed a polyethylene 
polysulphide which is a latex-forming material more 
fungicidally active than sulphur; moreover, unlike sulphur, 
it can be used with oils. Tests so far made on a wide 
variety of horticultural plants have shown that its great 
toxicity to fungal spores is not associated with other 
injurious effects. Results so far published, however, 


suggest’ that ‘p.e.p.s.°, the short name conveniently given 
to the commercial material, is most strikingly effective 
when used with other toxic substances. After six weeks 
weathering, the sulphur left on foliage following an ordin- 
ary sulphur spray was 0.19 milligrams per sq. in.; after 
‘p.e.p.s.” alone, it was 0.54 milligrams per sq. in.; but after 
‘p.e.p.s.” plus the same amount of sulphur spray it was 
1.09 milligrams per sq. in. 

It is suggested that reductions in arsenical dosage of 
50°. or more will be possible if ‘p.e.p.s.” is incorporated 
in lead arsenate washes; control is likely to be no less effec- 
tive if not superior. Preliminary experiments have shown, 
that superior control over pests is given by DDT sprays 
when ‘p.e.p.s.’ is added to perform the role of a ‘sticker. 

Another field in which this polymeric polysulphide has 
been promisingly used is in the rot-proofing of bag 
materials, wood, and tarpaulin. 
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THis month Henry Gwyn Jeffreys Moseley would have 
been sixty years old, had he lived. Unfortunately his 
“brilliant career was so untimely cut short through his fall 
in the peninsula (Gallipoli) campaign during the First 
World War. To the whole scientific world it was a most 
deplorable loss and everyone who had a first-hand impres- 
sion of his extraordinary powers must often wonder what 
influence on the development he would have exerted if 
he had been destined to continue his researches” wrote 
Niels Bohr in a letter to the author recently. 

Young Harry Moseley, as his friends knew him, died 
at the age of 27, having been born on 23rd November, 
1887. His monument is the Law of Atomic Numbers; that 
fundamental law, an unalterable relation in our material 
world. His scientific papers total six, and yet his name 
shines forth as brilliantly as those of Rutherford, Bohr, 
Planck g~nd Thomson. Well might we wonder what 
might have been his influence had he lived: perhaps he 
would have been another Rutherford. Alternatively, the 
brilliance of his researches were perhaps the brilliance of a 
‘flash in the pan’, but the latter possibility does not seem 
tenable for one who possessed his spirit of adventure 
coupled with the bold courage of the deliberate mind; nor 
is it tenable for one possessing such finely controlled 
imagination, enthusiasm, tenacious drive and instinctive 
sympathy for the hard simplicity of nature. Here was a bold 
scientific mind boldly stepping across a deep chasm into the 
mist concealing the opposite side; but it was no wild step, 
because Moseley had, by astute reasoning based on careful 
Observations, determined the approximate position of the 
solid ground hidden in the mists of the unknown. 

His grandfather was Canon Moseley, F.R.S., a dis- 
tinguished mathematical physicist; his father was H. N. 
Moseley, F.R.S., at one time Linacre Professor of Zoology 


at Oxford; his mother was Amabel, daughter of John Gwyn 
Jeffreys, F.R.S., a distinguished authority on Zoology, of 
Ware Priory, Hertfordshire. 

Though his father died when Harry was about four years 
of age, he was brought up by his mother in a comfortable 
house in Woodstock Road, Oxford, with a background of 
scholarship and science. _ 

The house contained many relics of Moseley’s father’s 
voyage as biologist on board the Challenger, that most 
famous research vessel, which was incidentally the first 
steamship to cross the Antarctic Circle. It was not the 
collection garnered by a sightseer of the world, but the 
small, classified museum of a working scientist,.and the 
effect was that a small boy would roam the countryside 
gathering wild flowers for his own classified collection— 
a useful early scientific training. 

Through those early, formative years, he was fortunate 
in having the imaginative guidance of a mothér who 
realised that latent in the child lay an analytical mind and 
the ability to translate thought into accurate action; but 
she wisely saw to it that he enjoyed the full, healthy life 
of the normal schoolboy. There was no attempt to encour- 
age the precocity of a young genius lacking a broad outlook 
on life. 

Entering Eton, with a King’s Scholarship, at the age of 
thirteen, he distinguished himself in Classics and Mathe- 
matics. He was a cheerful, good-tempered boy, fond of 
expounding scientific theories to a schoolboy audience 
rarely enthusiastic about them. 

With a Millard Scholarship in Natural Science, he 
entered Trinity College, Oxford, at the age of eighteen. 
By this time his unusual intellectual powers had robustly 
developed, and his mathematical training was good. He 
read widely, which was humanly possible in those far-off 
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days, and gained a full picture of the problems of contem- 
porary physics. He graduated in Natural Science, with 
Second Class Honours, in 1910. ots 


Assistant to Rutherford 


When Moseley entered Trinity College, Rutherford had 
just returned to England from Montreal and was working at 
Manchester. The year previous to that of his graduation, 
Harry Moseley visited Rutherford and discussed with him 
the possibility of entering Rutherford’s laboratory to do 
research. At the age of 23 he was appointed Lecturer and 
Demonstrator in the Physics Department of the University 
of Manchester, and thus became the youngest of Ruther- 
ford’s group of young men. 

Moseley’s first work at Manchester was to determine 
the average number of beta-particles emitted during the 
transformation of the radium-B atom into radium-C. 
Very soon Rutherford realised that “‘Moseley was one of 
the rare examples of a man who was a born investigator. 
He rapidly acquired the technique of experiment; his 
undoubted originality and marked capacity as an investi- 
gator was recognised ungrudgingly by his co-workers in 
the laboratory, while his cheerfulness and willingness 
to help in all possible ways endeared him to all his 
colleagues.” 

The evidence that only one electron was ejected during 
the radium-B to radium-C change was presented at a 
Royal Society meeting, and Sir William Crookes, then the 
President, congratulated Moseley on the clear and fluent 
presentation of an intricate problem. 

Moseley’s next work was to determine the self-charging 
property of radium in a vacuum. This property is due to 
the fact that under these conditions radium loses negative 
electrons in excess of positive alpha-particles when the 
sample is a natural mixture of the various members of the 
radium series. Moseley, by carefully perfecting his tech- 
nique, managed to obtain and maintain for several weeks 
such a high state of exhaustion in the chamber that the 
radium sample reached and stayed at a potential or more 
than 100,000 volts for several weeks. 

At that period, late 1911 and early 1912, Max von Laue, 
of Ziirich was working on his X-ray diffraction patterns 
from crystals; the Braggs were busy in Leeds on deter- 
mining crystal structure by using X-rays. Moseley, one 
morning, happened to see a report of Laue’s work in a 
daily newspaper, together with an illustration of the 
pattern made. He immediately grasped the significance of 
that initial, fundamental work in X-ray spectrography. 
He discussed it with Rutherford, and was, of course, aware 
of the Braggs’ work. Therefore, with his friend, C. G. 
Darwin (now Sir Charles), he examined the continuous 
X-ray spectrum of platinum, using a crystal of rock salt as 
the diffraction grating. The diffuse radiation of numerous 
wave-lengths seemed to have a more intense or “harder”’ 
radiation of definite frequency superimposed as spectral 
‘lines’ upon it. The problem was to measure the wave- 
length of that secondary radiation. 

Moseley and Rutherford discussed the matter and 
Rutherford asked him to think of a method. A few days 
later Rutherford asked him if he had any suggestions; but 
Moseley, during those few days had progressed far beyond 
that preliminary position; he had not only thought of the 
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apparatus, but had constructed it and was obtaining the 
necessary preliminary results with it. 

Moseley’s powers of continuous work were extraordin- 
ary; he would work fifteen hours at a stretch, night 
after night, in solitude. It was a rule at Manchester that 
once an apparatus was set up, it was not dismantled 
until results had been obtained. This Moseley carried out 
to an extreme, and then, as his colleagues arrived in the 
morning, he walked back two or three miles to his digs. 
Moseley once explained that he had to feel half-dead to do 
his best work, because if he felt fresh he would not go to 
the laboratory but would spend the time in the woods and 
fields he loved so much. There, perhaps, as many another 
brilliant scientist has found, Moseley was able to maintain 
a spiritual sense of proportion and humility regarding his 
work in nature’s vast plan, and thereby avoid the pitfalls 
of many a lesser mind. 

Moseley also was working during the period which Niels 
Bohr later described as ‘‘an unforgettable experience to 
witness almost every day the disclosures of hitherto 
hidden features of nature. I remember, as if it were yester- 
day, the enthusiasm with which the new prospects of the 
whole physical and chemical world, opened by the dis- 
covery of the atomic nucleus (1911), were discussed in the 
spring of 1912 among the pupils of Rutherford. Above 
all we realised that the localisation of the positive electri- 
fication of the atom within a region of practically infini- 
tesimal extension allowed a greater simplification in the 
classification of the properties of matter.”’ 


The Classic Work on X-ray Spectra 


The high-frequency radiation from platinum gave a 
spectrum denoting five different wave-lengths of homo- 
geneous X-rays, as distinct from the radiation due to the 
general collision of the electron beam on the target. The 
general, or ‘soft’ rays, were filtered by means of thin plates 
of aluminium. Harry Moseley thought it possible that the 
X-ray spectra due to the ‘hard’ rays were closely connected 
with the charge on the nucleus of the Rutherford-Bohr 
model. At first Rutherford was sceptical, but soon after- 
wards changed his mind, by which time, after some per- 
suasion Moseley had succeeded in obtaining Rutherford’s 
permission to borrow certain essential apparatus to begin 
his research into the X-ray spectra of the elements. The 
main work began . . . and the experimental difficulties 
obtruded. 

In some instances the X-rays from a particular element 
were so easily absorbed by the glass of the X-ray tube that 
a special window of very thin glass had to be built in; but 
the vacuum was too much for it and it collapsed. Eventu- 
ally Moseley hit on goldbeater’s skin; but even here the 
high vacua often resulted in the rupture of the diaphragm; 
but Moseley possessed the inexhaustable patience for 
tedious and delicate work. After the systematic study of 
twelve elements, he found that the heavier the element the 
shorter and more penetrating were the homogeneous 
X-rays in the spectra. On plotting the atomic numbers 
of the elements, against the inverse square roots of the 
X-ray frequencies, he discovered the resultant graph was 
a straight line, provided that the elements were arranged in 
the exact order of their atomic weights, and that the square 
root of the highest frequency increased by the same amount 
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on passing from element to element 
in the periodic table. If the square 
root be multiplied by a specific con- 
stant and the result be Q, then, as 
Moseley wrote (Philosophical Maga- 
zine, p. 1024, Vol. 26, 1913), “‘It is 
at once evident that Q increases by a 
constant amount as we pass from one 
element to the next, using the chemical 
order of the element. . . . We have 
here a proof that there is in the atom 
a fundamental quantity, which in- 
creases by regular steps as we pass 
from one element to the next. This 
quantity can only be the charge on 
the central positive nucleus of the 
existence of which we already have 
definite proof.”’ In other words; the 
high-frequency spectrum of an element 
is completely defined by its atomic 
number. | 

Four years later, in 1917, Sir Arthur Schuster wrote,. *‘It 
may be anticipated that this will prove to be the founda- 
tion of a new and more precise chemistry, as other forces 
will be certain to be intimately connected with the forces 
which regulate the spectra.”” The enthusiasm and fore- 
sight so apparent in Mendeleev’s Faraday Lecture to the 
Chemical Society in 1889 when he dealt with the importance 
of the peculiar periodicity in the chemical properties of the 
elements when arranged according to atomic weights, 
had been more than justified by a young man who had 
not completed his third year of research work. 

Rutherford and Moseley, one aged 41 and the other 
25 years, each possessed brilliantly original minds and, as 


| sometimes happens, stimulated each other yet did not 


always agree. The full story of their relationship cannot be 
told until Moseley’s letters to his mother and sister are 
available for publication. When that happens it will be 
interesting to see how the two minds suggested ideas to 
each other. 

When he had completed the experiments, but before the 
paper was published, Moseley decided to resign his 
lectureship in order to devote the whole of his time to 
research. On being awarded the John Harling Fellowship 
he went, despite Rutherford’s persuasive efforts, to “a 
beautiful laboratory all to himself lent him by Professor 
Townsend” at Oxford. The Institut Internationale de 
Physique Solvay also assisted him with a grant. And so 
young Harry Moseley, a rapid, skilled experimenter, 
combining courage and ability, continued his work on the 
“High-Frequency Spectra of the Elements”. 

Moseley made a systematic study of thirty-eight of the 
solid elements, and came to the conclusion that there was 
a fundamental quantity in the atom which increased by 
regular steps on passing from one element to the next, and 
that the seat of this quantity was the nucleus. He observed 
gaps and predicted that between aluminium and gold only 
three unknown elements could exist. His prediction has 
since been fulfilled, three elements to fill the gaps having 
been discovered. Further, the discovery of the exact 
atomic number agreed reasonably well with the rough 
Prediction of the nuclear charge from the experiments 
on the scattering of alpha-particles by Geiger and Marsden. 
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Moseley’s X-ray spectrograph. (Courtesy of the Museum of the History of 
Science, Oxford, and G. B. Instructional Ltd.) 


This work proving the intimate connexion between the 
periodic table and the nuclear charge also led the way for 
the so-called displacement laws of Hevesy and Russell, 
Soddy’s work in isotopes and the revival in a different 
form of Prout’s century-old idea that the atom was com- 
posed of hydrogen particles. It was “‘the wonderful sup- 
port which the general ideas on the atomic constitution 
received,’ as Niels Bohr wrote in 1930. Also, as a result of 
this work, “it even became possible to draw unambigu- 
ous deductions regarding the number of elements in any 
period of the natural system.’ Indeed, it was Moseley’s 
pioneer work which paved the way for Rutherford’s pro- 
posal of the fundamental nature of the proton in 1920. 
One of the more interesting recognitions of the impor- 
tance of Moseley’s work was that of that eminent authority 
on the rare earths, Professor Urbain of the University of 
Paris, who was uncertain of the composition of certain 
samples. He consulted Moseley, who was able to tell him 
what rare earths were present and their relative amounts in 
a few days instead of the months taken by ordinary 
chemical methods. “I was most surprised,” wrote 
Urbain, “‘when I visited Oxford to find such a very young 
man able to perform such remarkable work. The impor- 
tance of his law had struck me, and I had attached to it, 
from its inception, a fundamental importance. As to the 
work which I saw Moseley do with my own eyes, these are 
broadly the results. The elements which the photographic 
apparatus revealed are: Erbium, Atomic Number 68, 
Thulium, 69, Ytterbium, 70, and Lutecium, 71. Thus 
Moseley’s Law, applied to the group of rare earths, con- 
firmed in a few days the results of my efforts of twenty 
years of patient work. It is not only this that makes me 
admire Moseley’s work. His law substitutes for the some- 
what imaginative classification of Mendeleev, an entirely 
new precision. It marks something definite in the uncer- 
tain researches about the chemical elements. It ends one 
of the finest chapters in the history of science.” 
Meanwhile Moseley continued to spend most of his 
vacations with his mother in their cottage in the New 
Forest. In 1914, he travelled with her via Canada and the 
Pacific to attend the British Association meeting at 
Melbourne, which coincided with the outbreak of war on 
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4th August. At that meeting he further clarified his work, 
drawing attention to the anomalies in the periodic system, 
“Thus the order of the elements determined by N, is 
clearly that of the order of the atomic weight. There are 
one or two exceptions, in such cases the order given by 
N, and not the atomic weight, is evidently the correct 
order corresponding to chemical properties. For example, 
atomic weight gives the order Chlorine, Potassium, Argon, 
whereas the X-ray frequency gives the order Chlorine, 
Argon, Potassium. The latter is the order required by the 
periodic table.” 

The second part of the paper on High-Frequency Spectra 
had already been sent to the Philosophical Magazine, 
in which it was published that autumn; but meanwhile, 
Moseley hurried back to England and when his sister 
(Mrs. Ludlow-Hewitt) saw him a few days after he had 
landed, he was in khaki. The typescript of his paper on 
the X-ray spectra of the rare earths was ready for publica- 
tion but in his enthusiasm for joining the army remained 
with his personal papers. He became Lieutenant H. G. J. 
Moseley, Signals Officer to the 38th Brigade of the First 
Army, being of the 13th Signal Company of the Royal 
Engineers. On the 13th June, 1915, he left for the Darda- 
nelles, taking part in the severe fighting at the landing on 
the 6th and 8th August. Two days later he was dead. 


New Light on Moseley’s Death 


The circumstances of Moseley’s death on active service 
are, as given in the Proceedings of the Royal Society, 
inaccurate. The account tends to indicate that he care- 
lessly exposed himself to danger. Recently the true account 
or as nearly a true account as can be obtained from the 
highly conflicting evidence became known.* 

In August, 1915, mixed brigades of British and Anzac 
troops were trying to break out from the Anzac beach- 
head. Ridges ran from the beachhead to hilly points: 
Battleship Hill, Chunuk Bair, Hill XQ and Hill 9-7-1, 
which led to the tangled mountain mass, Sari Bair, 
held by the Turks. The narrow ravines between the ridges 
—Deres—were winter water-courses: Sazli Beit Dere, 
Chailak Dere, Aghyl Dere and Azmak Dere. 

Under Brigadier General Baldwin the 38th Brigade was 
to extend its forward line to Hill XQ, the column making 
its way up Sazli Beit Dere. But this was too exposed, so it 
was decided to send the column up the Chailak Dere, and 
then, halfway up, to cross over the ridge into the Sazli 
Beit Dere. This extraordinary manceuvre had to be done 
at night in a blind country of thorny scrub, by men weak 
with dysentry and jaundice, who had to haul up those 
slopes all supplies. 

Moseley was in charge of the field telephone and cable 
section, and had mostly untrained men under him. Down 
the Chailak Dere, a narrow track but three feet wide, 
came a convoy of a hundred mules carrying ammunition 


*This account is the result of the researches of Mr. Robert 
Gittings. 
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and rations. Thus in that narrow ravine, whose sides rose 
six hundred feet precipitously, a whole brigade advanced 
up as a hundred mules were coming down. The mules could 
not go back, nor could the brigade, if it were to be in time 
for the attack. It was decided that the brigade should cross 
over to yet one more Dere, the Arghyl, go up that, then 
cross back again. It was all at night in blind country! 
By midnight the Brigade was lost; they were unable to 
find their way over to the Sazli Beit. The cable wires 
showed that, at one time, they went round in circles. 
Possibly they were too exhausted to answer the regular call 
signs that came through every quarter of an hour from 
Divisional Headquarters. However, in time the column 
got over the ridge by a goat-track into the Sazli Beit and 
moved up into the hills. It was nearly dawn. The guides, 
two men in Australian uniform, said that the column was 
in dead ground, still well behind the forward position. They 
then disappeared, the mysterious guides. The exhausted 


company dropped and slept where they lay, too exhausted | 


to send out scouts and post out-posts. 
When, in the light of day, they awoke, they were in 


front of the British forward lines and on top of the Turkish | 


advance posts near Farm. Hastily they formed line, but 
the Turks, already on the move, outflanked and rushed the 
brigade, which was completely outnumbered. The 
Brigadier died with revolver in hand, and Moseley trying 
to telephone the brigade’s position was shot through the 
head when the Turks were only two hundred yards away. 

“In him,” said a fellow officer, “the brigade has lost 
a remarkably capable signalling officer and a good friend: 
to him his work always came first, and he never let the 
smallest detail pass unnoticed.” 

Millikan wrote, ‘“‘In a research which is destined to rank 
as one of the dozen most brilliant in the history of science, 


a young man twenty-six years old threw open the windows | 


through which we can glimpse the sub-atomic world witha 
definiteness and certainty never dreamt of before. Had 
the European War had no other result than the snuffing 
out of this young life, that alone would make it one of the 
most hideous and most irreparable crimes in history.” 

Rutherford’s summing up was, ‘‘Moseley’s fame rests 
securely on this fine series of investigations, and his 
remarkable record of four brief years’ investigations led 
those who knew him best to prophesy for him a brilliant 
career. There can be no doubt that his proof that the 
properties of an element are defined by its atomic number 
is a discovery of great and far-reaching importance and is 
likely to stand out as one of the great landmarks in the 
growth of our knowledge of the constitution of atoms.” 

No! The mind that was snuffed out would not have 
burnt out had Moseley lived. His was the broad, original 
mind coupled with a great gift for experiment, and it would 
be interesting if, today, his notes, left to the Royal Society, 
were re-examined in the light of progress since he died 
thirty-two years ago. Perhaps it would prove that more 
than one idea developed after his death originally germin- 
ated in Moseley’s brain. 
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Fic. 1.—The common grain weevil, Calandra granaria. (Photograph by T. F. Lubatti.) 


Continued from p. 303] 


Pests of Stored Foodstuffs 





P. B. COLLINS, B.Sc., A.R.C.S. 


FAR more important than rats, and in the aggregate, 
than all rodent pests, are the innumerable insects infesting 
stored products all over the world. Grain and cereal 
products alone harbour several hundred species, and 
although some of these are actually predators and parasites, 
the vast majority are pests damaging the foodstuffs in one 
way or another. Fortunately, only some fifty are really 
serious and this group includes, also, a large proportion 
of the insects which attack products of other types. As 
in the case of rodents, these are now of world-wide dis- 
tribution and so thoroughly established that the origin of 
most of them as pests is quite impossible to determine. 
At the same time, not only are new pests discovered every 
year in this and other countries, but many species actually 
new to science reach these shores annually in cargoes 
from various parts of the world. 

The impossibility of estimating the damage due to 
infestation, whether it be caused by rodents or insects, 
and even when limited to one or two species attacking a 
single commodity, is evident to anyone who considers the 
multiple nature of the problem. Insects may attack a 
Product at any stage from cultivation in the field to final 
sale to the consumer; the damage may be done by one or 
more stages of the pest’s life-history; it may depend on 
conditions created by the attacks of other pests, or it may 
itself create those conditions for secondary attack; the 
damage may be direct, as for instance the actual devouring 
of grain by weevil larvae, or may be a matter of fouling 
or heating which lowers the quality of the commodity and 
Possibly makes it unfit for human consumption though 
leaving it useful for cattle feed or some other processed 
foodstuff. All these and many other facets of the problem 


must be considered in making any such estimation, to 
say nothing of the indirect expenditure, as on the cleansing 
and fumigation of transport, the cost of legislation and 
the maintenance of a staff of inspectors and experts on 
every aspect of control. Dr. Richard T. Cotton, one of 
the greatest experts on grain pests, writing on the primary 
and secondary pests of grain alone, says that “‘It has been 
estimated that as a result of their feeding activities, their 
presence in grain and cereal products and the cost of 
methods employed to destroy them, this group of insects 
exacts a yearly toll of at least $300,000,000 in the United 
States alone’. (See Figs. 1, 5, 6 and 7.) 

These stored products pests are drawn from many 
different orders of insects, but the great majority and 
especially those which do the real damage, are either 
moths of what may be conveniently termed the ‘clothes- 
moth’ type, or small beetles of various families. As already 
noted, their origin as pests is obscure, but it is evident that 
a number must have lived on the natural seeds which they 
now infest even before the plants became domesticated. 
Man, first storing the natural product and then raising its 
quality as food, provided ideal conditions in which these 
insects throve, and from that day they have never looked 
back. Others certainly were detritus feeders, living on 
vegetable or animal refuse of many types and a third group 
lived, and still do, on moulds and other by-products 
associated with the deterioration of such materials or 
appearing as a result of the attack of the primary pests. 
It is well known, for example, that the beetles of the genus 
Tribolium, known in the United States as ‘bran bugs’, 
are unable to gnaw through the tough outer epidermis of 
grain. They are found, however, in association with the 
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rice and grain weevils of the genus Sitophilus, which bore 
into the individual grains, and thus lay them open to the 


' secondary attack of Tribolium. A few species have 
changed their feeding habits more or less completely, 


profiting by the presence in stores of vast quantities of 
foods on which they could thrive even better than on their 
original hosts. 

This aspect of the biology of pests has attracted a num- 
ber of workers and a good deal of valuable information on 
their origins and, more important, on possible natural 
reservoirs of infestation, has come to light. According 
to the American worker, E. G. Linsley, nests of bees 
and wasps, for example, “‘may serve as reservoirs for 
certain stored products pests, maintaining small popula- 
tions which may later serve as foci for infestations of foods 
stored by man”. In a single colony of Anthophora (a 
semi-social bee) on the edge of the Mojave desert approxi- 
mately ten miles from the nearest human habitation, the 
drugstore beetle (Stegobium paniceum), the saw-toothed 
grain beetle (Oryzaephilus surinamensis), and one of the 
so-called cabinet beetles (Trogoderma) were found. ‘‘In 
a second area, only slightly less isolated, the Indian meal 
moth (Plodia interpunctella) and the webbing clothes 
moth (Tineola biselliella) were both present.’ Perhaps 
the most interesting point is that “probably none of 
these species, except TJrogoderma, is a _ native of 
California’’. 

In Britain, too, ample evidence goes to show that the 
nests of rodents and of birds, pigeon lofts and the colonies 
of social bees and wasps, also provide such reservoirs; 
even more remarkable is the fact that many species of one 
group survive in nature by feeding on the remains of 
insects in spiders’ webs. 

Under present conditions, attention is naturally focused 
on the bulk foods in universal demand, and particular 
importance attaches to pests of stored wheat and other 
grains. The extent to which infestation may increase 
when, as during World War II, grain is stored in unpre- 
cedented amounts and for very long periods under condi- 
tions where complete control is impossible, has been seen 
in Australia. Weevils in some stores became so numerous 
that from every 2500 bags treated, 200-300 Ib. of weevils 
were removed, states A. Mallis in his Handbook of Pest 
Control, an enormous number when one considers that 
there are about 442,000 weevils to the pound. Under such 
conditions, much very valuable work was done especially 
by the C.S.1.R. (see Discovery, May 1947). Fundamental 
Studies on the heating of wheat have also been carried 
out in Australia, and one worker, L. C. Birch, has calcu- 
lated the amount of heat generated by a single weevil in 
a wheat pile. According to Birch, when the rate of heat 
production was 0-12 B.T.U. per cu. ft. per hour, ‘“‘this 
could be caused by a single individual of the two species 
of weevil under investigation in a thousand grains at 
23°C’. At higher temperatures the concentration of 
weevils would be considerably less, and in a year the tem- 
perature of bulk wheat might rise by as much as 17°C. 
This would be achieved by an initial population of one 
weevil in 300,000 grains, increasing sixty-fold in a period 
of two months. Birch has pointed out that the number of 
insects required to cause this heating is so small that the 
wheat would probably be classed as free from insects by 
most observers and that it is possible for wheat to heat 
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up to lethal point with only a negligible proportion of the 
grain showing damage. 

Few pests, however, are so obliging as to exterminate 
themselves by the heat generated by their own metabolism, 
and the Australian workers, whose research may stand 
as an example of what has gone on in many other countries, 
had recourse to numerous other methods. Protection, for 
example, was attained by the use of fine inert dusts (such 
as magnesite) which prevented the insects from making a 
Start in attacking the grain, and which were rendered even 
more lethal by mixing with DDT or Gammexane. This 
costs as little as threepence per hundred bushels, a notably 
cheap form of protection. Where attack had already 
developed, other methods had to be employed, usually 
fumigation with carbon disulphide, which could be used 
for bag-stored wheat as well as bulk loose storage. 

As a major importer of food from all parts of the world, 
Great Britain has naturally an even wider interest in these 
problems than most countries. Typical of our own work 
on this has been that on the distribution and dissemination 
of pests, and British entomologists have taken a lead, too, 
in proposing international standards for inspection and 
for safeguarding against the spread of pests. The dis- 
crepancy in these matters between the various exporting 
countries is one of the most difficult of all international 
problems. While Canada and the U.S.A., for example, 
are Outstanding among exporting countries for the rela- 
tive cleanness of the cargoes leaving their ports, the Latin- 
American, African and Indian sources have infestation 
ranging from 50% per cent to as much as 99% of their 
total shipments. (See Fig. 8.) 

One of the most serious aspects of control is indeed the 
difficulty of ensuring any regular hygiene during transit. 
A typical case is that of Cacao beans grown in Africa 
and attacked by larvae of the cacao meth Ephestia. 
In 92% of cases, initial attack was found to have 
occurred even before the beans reached the point of ship- 
ment: control of such infestation would mean dealing 
with hundreds of native middlemen using all types of 
transport over a widely scattered area; the administration 
problem involved would alone be beyond the powers of 
any normal department. In this case, too, confusion had 
arisen over the identification of two similar species of 
Ephestia, one of which was American and the other 
African in origin. A mistaken idea that only the former 
species was attacking the beans allowed the African product 
to be regarded as clean, until it was found that even heavier 
infestation there was due to the second species. At the 
receiving end, too, there may be infestation during transit, 
in such obscure ways as that of grain passing down chutes 
in mills, and picking up Ephestia larvae en route; and of 
other insects successfully surviving the actual milling 
operations and thereby passing from infested grain to 
continue their work in the flour itself. (See Figs. 2, 3 and 4.) 

What is possible in these ways is even more possible in 
a badly cleaned lorry, railway wagon, barge or ship. The 
fumigation of smaller containers, such as wagons, barges 
and lighters is a comparatively simple matter. That of 
modern, specially designed ships may be even easier. But 
the cleansing of small, dirty, old-fashioned tramp steamers 
plying round the ports of many countries, and carrying 
an endless variety of cargoes, each of which leaves an 
infested residue in the bilges and holds, is enough to tax 
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the ingenuity of the most efficient organiser. Nor does it 
appear likely that the necessary co-operation can be 
expected from either owners or ship’s masters for many 
years to come. 

Whenever the international exchange of commodities is 
concerned, talk of ‘vested interests’ is sooner or later 
heard and the world exchange of foodstuffs is no exception. 
Among difficult points raised at the FAO Infestation 
conference already referred to was that of the moisture 
content of grain, and more especially wheat, exported by 
various countries. As the Committee on Grain Drying 
and Storage pointed out in its report, while “‘substantial 
savings of grain can be made in many parts of the world 
by storing grain in a dry condition”’ (since below a mois- 
ture content of about 12%, few if any pests can 
survive) “the loss of weight which occurs in drying often 
leads to monetary loss; in fact there is an economic incen- 
tive to sell water’. While much work on grain drying has 
been done in this country, the subject has received little 
attention in some important producing areas, although in 
China where grain is largely produced for local con- 
sumption farmers are much more concerned with excess 
of moisture than with other destructive agents. Grain 
with excess of moisture is, moreover, liable to infestation 
from causes other than those already mentioned, notably 
from mites and fungi. The former provide the chief 
infestations in grain reaching this country from Canada, 
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whose exports are otherwise outstandingly clean, and 
fungi—their spores are so numerous that figures like 
57,000 are reached for a single kernel—raise the tempera- 
ture of a store of grain to a point where it is rendered 
unfit for food, for seed purposes or even for animal feed. 

Impossible as it is in a single article to do more than 
Outline some of the problems in so great a complex as 
this is of foodstuff infestation, it remains to examine the 
prospects for the future, especially at a time when even such 
countries as are self-sufficient find themselves forced 
to decrease their exports, and when the need for careful 
storage and expert conservation is greater than ever. 
Future work on these problems falls under several headings, 
There is primarily the research into the basic problems of 
actual prevention of infestation at its source and of control 
in the countries of origin. This applies especially to those 
tropical and sub-tropical countries which are not only the 
most important producers of many commodities, but in 
which, as was said at the FAO Conference, “‘the problem 
is great by reason of the specially favourable climatic 
conditions for the development of pests, the amount of 
food largely in the control of peasants, and the storage 
and transport difficulties.” 

There is then the extremely ticklish problem of ensuring 
some sort of international agreement for the inspection 
and cleansing of shipping, wide enough to make allowances 
for the limited facilities of the more backward countries 


(Crown copyright reserved) 


Fic. 6 (/eft).—Fumigating a flour mill with liquid hydrogen cyanide. Fic. 7 (right).—Fumigating 
wheat by means of granular calcium cyanide, which mixes with the grain coming down the chute. 





DISCOV 


OOO 


OOO 
OOO 
OOD 
@S 


088 


OOO' 
206 


and the di 
Strict eno 
infestatior 
mercial se 
of accurat 
need for 
Statistics f 
they are fc 
Where | 
as well se: 
the world) 
to other r 
Stage of th 
Stuffs. As 
Conferenc 
often whe: 
be sought 
and it is i 
that the a 
not merely 
world con 
Discussi 
Sised as ar 








SCOVERY} DISCOVERY November, 1947 349 
clean, and |} 
es te] O89B98006 ——— 
© tempers FT ~OOOQOQOO000 ~~ OOOO 
s wpe ODO000000 ale iatiains N-EUROPE 
imal feed. 
more than ee + + + 4 ot OOCO®090000 
ne QOODOOOOOODD INDIA. surma ) D@SSSSOCO 
n even such DOSES: resin 
ves forced 20) 
for careful OOQOQOQOQOQ000 ODDDECCSCO 
than ever. OOOQOQOO0O0CO0 OOD S.8E.AFRICA 
il headings, 
= @s) ODODDDO0V® 
| of control warrica &] 2 89S 3 SS OF 
ly to those | 83S SSS D000 
ot only the ‘il (13) Se eH 
ies, but in W. INDIES 
1e problem 
le climatic) Q@@@® 40) 4) OOO0000000 
amount of BRAZIL MEDITERRANEAN ad 
the storage : om a 
QOQOOQOOCO0C0CO®D 
OOODDDSSESS 

of ensuring 200000 & AUSTRALIA , DO DO0O6 
inspection KEY ZEALAND 
: Lowance A—EACH SMALL CIRCLE REPRESENTS FIVE SHIPS 

countries INSPECTED 


B—‘CLEAR’ SHIPS IN WHICH NO INSECTS OR 
‘LIGHT’ SHIPS IN WHICH FEW INSECTS WERE 

F 
‘MODERATE’ SHIPS IN WHICH MEDIUM NUMBERS 


MITES WERE FOUND 
OUND 


OF INSECTS WERE FOUND 
‘HEAVY’ SHIPS IN WHICH LARGE NUMBERS 
OF INSECTS WERE FOUND 


C—THE FIGURES IN THE LARGE CIRCLES SHOW 
THE NUMBER OF SPECIES RECORDED 
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Fic. 8.—This diagram, which shows the degree of infestation found in ships inspected on arrival 
in U.K. ports during 1946 is based on a chart compiled by Dr. J. A. Freeman of the Ministry of 
Agriculture’s Infestation Control Division. 
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and the difficulties of disinfesting tramp steamers, and yet 
Strict enough severely to penalise offenders spreading 
infestation through sheer idleness, inefficiency or com- 
mercial selfishness. A third point concerns the provision 
of accurate statistical information. There is especially a 
need for some system whereby workers can compare 
Statistics from various sources, in the sure knowledge that 
they are founded on agreed common bases of comparison. 

Where information is available (and in Britain we are 
as well served by our research bodies as any country in 
the world) it should be made readily accessible, not only 
to other research workers but to those engaged in every 
Stage of the production, transport and processing of food- 
stuffs. As Professor Munro pointed out at the FAO 
Conference, ‘“‘in times of crisis advice is readily sought . . . 
Often when it is too late, but in quieter times it may not 
be sought at all and if proffered may be disregarded. . .” 
and it is indeed up to the administration itself to ensure 
that the available knowledge goes out to the right people, 
not merely in its country of origin but in all parts of the 
world concerned. 

Discussion, too, among experts has been highly empha- 
sised as an essential for any co-ordinated advance in our 


knowledge and in the application of research. For the 
research worker himself, emerging from his laboratory 
for an occasional conference, will forget on his return 
the resolutions and the speeches of the administrators and 
publicists; the discussions and arguments of his opposite 
numbers from other countries will, however, remain in his 
mind, refreshing it for him and giving him as often as not a 
new clue to his own problems. And without the con- 
tinued interest of the men actually tackling the problems 
of control, all the conferences in the world will do little 
to ensure that interchange of ideas and discoveries which 
is essential for the solution of any problem in international 
science. ‘“‘Insects,’’ as an American scientist has remarked, 
‘““do not respect political boundaries in their distribution, 
nor have they respect for race, creed or colour.’’ To com- 
bat them, man must follow their universal example. 


(Figs. 2, 4 and 7 are reproduced from J/nsect Pests of 
Food: The Control of Insects in Flour Mills, by Freeman 
and Turtle (H.M.S.O., 1947), by permission of the Con- 
troller of H. M. Stationery Office. Figs. 3, 5 and 6 are 
published by permission of the Infestation Control 
Division of the Ministry of Agriculture and Fisheries.) 
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Scientist in Russia. By Eric Ashby. 
(Pelican Books, Harmondsworth, 1947; 
pp. 252, Is.) 

DuRING the war Professor Eric Ashby 
went to Russia as scientific attaché to the 
Australian Legation in Moscow, a capacity 
in which he had a unique opportunity for 
studying Soviet science, its organisation 
and research establishments. His con- 
clusions are to be taken seriously since 
they are based on observations which 
were relatively unhurried and not preju- 
diced by preconceived bias. The book is 
important as it is the most impartial work 
on this subject to be published of recent 
years. 

Professor Ashby makes it clear that 
science in the Soviet Union is ambitiously 
planned, well endowed, vigorous and 
healthy. On the other hand he disagrees 
strongly with the frequently-expressed 
view that planning has brought about 
efficient and fruitful co-ordination of the 
scientific effort, and he found that paper 
plans bear little resemblance to what 
happens in practice. Theoretically all 
Soviet science is related to a plan, but 
Professor Ashby considers that the actual 
situation is that the plan interrupts rather 
than aids scientific research, at least in the 
Academy of Sciences. Large-scale organi- 
sation has brought exceptional advantages 
in certain fields; for instance, Russia 
excels in the organisation of teams to 
survey vegetation, soils, minerals, etc., 
and Professor Ashby thinks that here the 
achievements of the U.S.S.R. greatly 
surpass anything the British Empire has 
done. 

Particularly valuable are the chapters 
dealing with scientific education at all 
grades, while there are many interesting 
sidelights on the life of ordinary Russians 
in one chapter that is largely devoted to a 
description of a journey from Moscow 
to Murmansk. The book ends with a set 
of useful appendices giving details of 
science syllabuses, the organisation of the 
Academy of Science and of agricultural 
research. 


Electronics and Their Application in 
Industry and Research. Edited by Bernard 
Lovell. (Pilot Press, London, 1947; 
pp. 660. 42s.) 
IN a recent advertisement in Nature for an 
industrial physicist the description of the 
post was qualified by the words “not only 
electronics’. The need for such qualifica- 
tion is an indication of the extent to 
which ‘electronics’ has permeated all 
branches of applied physics, and also of 
the ‘electronic’ bias given to the training 
of physicists during the war. 

The volume under review provides an 
excellent survey of the major advances in 
the application of electronic devices over 
the last ten years. Each chapter has been 
written by a specialist, often a leading 
research worker in the subject on which 
he has written. As a result the technical 
standard is generally very high. Each 
chapter is independent of the rest, but 
duplication of the subject matter 1s not 
excessive. 


It is hardly possible for one reviewer 
adequately to assess the merits of a book 
of this kind, There is a tendency to find 
faults in the treatment of a subject with 
which the reviewer is familiar and to 
overlook those in other sections, provided 
the presentation is readable and apparently 
self-consistent. Suffice it to say that only 
one of the chapters on subjects familiar 
to this reviewer provided grounds for 
criticism, while those on other subjects 
proved absorbing reading. 

Chapter I, ambiguously titled “Electron 
Physics’’, in fact deals with the modern 
theory of electrons in solids, and appears 
a little out of place. Excellent books on 
this subject are available and the attempt 
to compress the matter into one chapter is 
hardly successful. Chapters II, II] and IV 
deal respectively with photo-cells for the 
visible and ultra-violet, photo-cells for 
the infra red, and the photo-electric 
devices used in television pick-up cameras; 
the first and third of these are excellent, 
but the second dealing with a develop- 
ment, which is still embryonic, and relying 
for most of its facts on rather doubtful 
information of German origin, might well 
have been withheld until more experi- 
mental evidence was available. Chapter V 
deals with the new thermionic valves for 
very high frequencies, the klystron and the 
magnetron used in Radar, which is dis- 
cussed in Chapter VI. Chapters VII, IX 
and X deal with various applications of 
electronics to the control of industrial 
processes, and Chapter VIII with a more 
direct industrial application—high-fre- 
quency heating. Chapter XI and XII give 
a very interesting survey of the use made 
of electronic devices in medicine and 
physiology. In the latter case it is made 
clear that major advances in recent years 
in the understanding of nervous mechan- 
isms could not have been made without 
the aid of electronic devices. Chapters XIII 
and XIV are concerned with the betatron 
and its applications, and the electron 
microscope. 

The level of knowledge assumed in the 
reader varies from chapter to chapter. 
Some could usefully be read by a layman, 
and none require highly specialised 
knowledge for their comprehension. 

a oo oe 


George Washington Carver. By Rackham 
Holt. (Phoenix House, London, 1947; 
pp. 311, 15s.) 


Ont of the penalties of being a negro in the 
southern United States is that even success 
brings only an inversion of normal 
colour consciousness. So it is with this 
biography of George Washington Carver, 
who was born a slave, and graduated 
through botany to the applied chemistry 
of the peanut. Of his worth and interest 
as a man there can be no doubt. He 
seems to have had a desire for knowledge 
of that intensity and permanence which 
early deprivation of knowledge para- 
doxically encourages. It emerges too 
that the second strong motive of his life 
was to benefit his own people and particu- 
larly, where it was most needed, in the 


LT 


cotton south. It was that, primarily, 
which diverted him from his natural réle 
of botanist and mycologist—for he saw, 
as also did some few of his contemporaries, 
that exclusive reliance on a single crop 
was at the least dangerous, with the 
notorious boll weevil advancing north- 
wards. Turning, therefore, to the sweet 
potato, and later the peanut, as possible 
alternatives, he found himself driven to 
study the applied chemistry of both crops 
—since, unless new markets could be 
found, it would be of little use to preach 
their increased cultivation. 

There is little in this biography to help 
the reader to form any useful opinion of 
Carver as a scientist. Highway plaques 
put up after his death in Missouri, where 
he was born, described him as the *‘famous 
negro scientist’, and it is in this part that 
Mr. Rackham Holt has chosen to present 
him through three hundred pages. One 
gathers that, as a botanist, he was at the 
least a keen and original observer. It is 
obvious, from what he did, that he must 
also, aS a Minimum, have been competent 
as a practical chemist. But what the calibre 
may have been of the scientist who gave 
himself, without reward, to this single 
cause, we can only guess for ourselves 
from odd scraps here and there which do 
more to suggest than to answer the obvious 
question.—A. W. H. 


Handbook of Rocks. By J. F. Kemp, 
revised by Frank F. Grout. 6th edn. 
(Van Nostrand, New York, 1947; 
Macmillan, London; pp. 300, 20s.) 


THE appearance of the sixth edition of 
this well-known American text-book takes 
the form of a memorial to its original 
author the late Professor J. Furman Kemp. 
The revision, amplification, and moderni- 
sation of the text has been carried out by 
Frank H. Grout, Professor of Geology 
and Mineralogy at the University of 
Minnesota. In doing so Grout has not 
forsaken the original aim of the text- 
book, which was to teach rock and mineral 
identification without the aid of the petro- 
graphic microscope. Furthermore, the 
book still devotes considerable space to 
the economic aspects of certain groups of 
rocks and minerals, and caters for students 
of geology rather than the layman. 
Throughout, the text is concise and clear, 
and interest in the subject is maintained 
at a high level. Tabulated data and clear 
diagrammatic illustrations characterise 
the book, but some of the photographic 
reproductions leave much to be desired. 

Throughout, emphasis has been placed 
on the teaching of applied aspects of 
mineralogy and rock-identification. This 
is fitting, as the book is intended as 4 
tribute to the memory of a geologist who 
distinguished himself principally in the 
field of applied geology. Furthermore, 
it is written in the erudite style which 
characterised the writings of J. Furman 
Kemp, and although the examples quoted 
are rightly “‘all American’, the British 
student will find much to commend this 
book to a prominent place on his book- 
shelf.—W. D. Evans. 
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Atomic Scientists meet at Oxford 


THE Atomic Scientists’ Association held 
its annual conference in the Clarendon 
Laboratory, Oxford, on September 20. 

In the first session, Dr. H. W. B. Skinner, 
deputy director of the Harwell Atomic 
Energy Establishment, gave an account 
of the manner in which the Establishment 
has been built up since the decision was 
taken in October 1945 to start work there. 

Dr. Skinner explained that it is intended 
that as large a proportion as possible of the 
work will be completely free from secrecy 
regulations, and an example of such 
freedom was the conference on nuclear 
physics recently held at Harwell. The 
general impression given by Dr. Skinner 
was that, after many early hold-ups, rapid 
progress is now being made and the out- 
look is promising. 

Sir Charles Darwin opened the second 
session, taking as his subject “‘Atomic 
Energy and the Veto”. After a brief 
historical introduction on the reason for 
the veto having originally been agreed to, 
Sir Charles pointed out that the Baruch 
proposals included the suggestion that 
only in the case of atomic aggression the 
veto should not apply. He limited himself 
to a discussion of those aspects of the 
atomic bomb in which there is no differ- 
ence between it and other forms of arma- 
ment and of those aspects in which the 
bomb differs materially from other arms. 
Among the uses of the atomic bomb which 
in Sir Charles’s opinion did not differ 
greatly from the use of other weapons 
were the following: (1) Pure military uses: 
the bomb has disadvantages in use and 
may not be a war-winning weapon. Cer- 
tainly it is not a police weapon. (2) 
Novelty: any new weapon has an ad- 
vantage when first used. (3) Mass destruc- 
tion: there are other methods of mass 
destruction, and in fact bacterial warfare is 
likely to be much worse than the atomic 
bomb. 

On the other hand there are aspects of 
the atomic bomb in which it differs from 
other forms of armament. At the start of 
a war, the use of atomic bombs as satura- 
tion weapons for an aggression is most 
damaging. In the ease with which treach- 
erous attacks can be made, atomic 
weapons differ from all others. Finally, 
atomic armaments differ from other 
armaments in that the great size of bomb 
factories and consequent difficulty of 
concealment, together with the fact that 
they rely on supplies of uranium as raw 
material, means that control is technically 
feasible even without final disarmament. 

In the discussion which followed, it 
became obvious that there were differ- 
ences of opinion on such points as to 
Whether the bomb is a_ war-winning 
weapon or not, but there was fair agree- 
ment that in many ways the bomb 
differed from any previous weapon. Mr. 
Raymond Blackburn, M.P., expressed the 
Opinion that the A.S.A. and the Federa- 
tion of American Scientists had fulfilled 
their function of pointing out the tech- 
nical feasibility of controlling Atomic 


Energy internationally and that from now 
on the problem is a political one. Deci- 
sions would need to be taken at the 
highest levels, and he urged that Mr. 
Truman and Mr. Attlee ought to go to 
Moscow to see Stalin and try to reach 
agreement. 

The third session on the policy of the 
A.S.A. was opened by Prof. Mott who 
gave an account of the objects of the 
Association and of the activities of the 
past year which had included the dissemi- 
nation of information by lectures and 
conferences and the organisation of the 
Train Exhibition. 

Dr. Kathleen Londsdale brought up the 
question of the conscientious objection of 
scientists against being ordered by 
politicians to make bombs. The feeling 
of the conference was that while this was 
a personal matter rather than a matter of 
policy for the Association, yet it might 
well become a real issue in the future. 

The associate members of the A.S.A. 
now number over 500, of whom about a 
hundred joined as a direct result of an 
announcement in DISCOVERY. 


Apprenticeships in Government Research 
Establishments 


ONE hundred and sixty boys and girls, 
between 16 and 18 years of age, are 
required by the Ministry of Supply, under 
the Government apprenticeship scheme, 
to train for engineering work on atomic 
energy, jet propulsion, radar and tele- 
communications research and for arma- 
ments production. Boys are eligible for 
all vacancies, but girls may apply only for 
entrance to the Royal Aircraft Estab- 
lishment and to the Telecommunications 
Research Establishment and Radar Re- 
search and Development Establishment, 
Malvern. 

The apprentices are to be recruited by 
the normal Civil Service method of 
examination by the Civil Service Com- 
mission, which will hold an open com- 
petitive examination on February 5 and 6, 
1948, in most of the principal fowns of 
England, Scotland and Wales. 

Successful candidates will undergo five 
years’ practical training at the establish- 
ment of their own choice, if possible. 





THIS MONTH’S COVER 


Our cover photograph shows the 
latest in soundproof rooms. It has 
been constructed at the Bell Tele- 
Phone Laboratories at Murray Hill, 
New Jersey, for use in fundamental 
acoustical researches. To eliminate all 
surfaces that would reflect sound, the 
walls, ceiling and sub-floor are lined 
with saw-tooth wedges of fibre-glass 
to a depth of five feet. The working 
floor of this soundproof laboratory 
consists of high-strength steel cables 
eight-hundredths of an inch thick and 
is capable of supporting tons of 
equipment. 











Further details can be obtained from the 
Secretary, Civil Service Commission, 
Burlington Gardens, London, W.1. The 
closing date for entries is December 1. 


British Delegation to Unesco Conference 


THe British delegation to the second 
general conference of Unesco, which 
opened in Mexico City on November 6, 
was led by Mr. D. R. Hardman, M.P., 
Parliamentary Secretary, Miu£nistry of 
Education. The other delegates were: 
Sir Ronald Adam, chairman of the British 
Council; Sir Henry French, Mr. J. 
Priestley; and Professor Adrian, O.M. 
The alternate delegates were: Sir John 
Maud, permanent secretary, Ministry of 
Education; Mr. Ronald Gould, general 
secretary, National Union of Teachers; 
Sir John Forsdyke, director and principal 
librarian, British Museum; Dr. Margaret 
Read, University of London; Dr. W. P. 
Alexander, secretary, Association of Edu- 
cation Committees. 


International Scientific Film Association 


THE Congress held in Paris in October 
arranged jointly by the Institut de Ciné- 
matographie Scientifique and Britain’s 
Scientific Film Association decided to 
form an International Scientific Film 
Association. 

A provisional constitution for this new 
international organisation was agreed by 
delegates from 22 nations. The Interna- 
tional Association will hold a main 
meeting each year, and between these 
main meetings the affairs of the Associa- 
tion will be managed by a Council com- 
prising five officers and seven other 
members. The Council for the following 
year is constituted by: President, Mons. 
Korngold (Poland); Vice Presidents, J. 
Maddison (Great Britain), and Professor 
Pinto (Brazil); Hon. Secretary, Mons. 
Jean Painlevé (France); Hon. Treasurer, 
Mons. Sallaz (Switzerland); one delegate 
from Australia, Austria, Belgium, Canada, 
Czechoslovakia, Malaya and Mexico. 


Death of Planck 


PROFESSOR Max Planck, whose quantum 
theory brought about a revolution in 
theoretical physics, died at Géttingen on 
October 4 at the age of 89. Born in 
Kiel on April 23, 1858, he was the son of 
Wilhelm Planck, Professor of Constitu- 
tional Law at Kiel University. He studied 
at Munich and Berlin universities, and at 
the latter he came under the influence of 
Helmholtz, Weierstrass and Kirchoff. 
It was Kirchoff who directed his attention 
to thermodynamics, and Planck gained his 
doctorate for a thesis on the Second Law 
of Thermodynamics. 

It was a thermodynamical approach 
that led to his discovery that energy is 
radiated in discrete units or quanta and 
this discovery, the basis of the quantum 
theory, was announced in a paper “‘On 
the Distribution of Energy in a Normal 
Spectrum” delivered to the German 
Physical Society at the end of 1900. 
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Supersonic Model Aircraft 


First of the Ministry of Supply’s experi- 
ments with model aircraft designed to 
travel faster than the speed of sound was 
carried out in October. A model air- 
craft powered by a bi-fuel rocket calculated 
to develop about 900 Ib. of thrust for just 
over a minute was released from a 
Mosquito flying a mile off St. Mary’s in 
the Scilly Isles. Throughout its descent 
the flight of the model was followed by 
radar, while ground stations picked up 
data about its acceleration, tail-plane 
angle and combustion chamber pressure 
recorded by instruments in the miniature 
aircraft and transmitted by radio. Analy- 
sis of the telemetered data showed that at 
no time did the robot’s speed exceed 
600 m.p.h., and before any further experi- 
ments the reasons for this failure to 
approach the speed of sound will be 
closely investigated. 


Radiolympia 


WHEN the interest in broadcast reception 
shifted from the amateur and home- 
constructor to the arm-chair listener with 
a factory-built set, the annual radio show 
at Olympia began to lose interest for 
technical people, by whom it was com- 
monly called a “furniture exhibition’. 
But it has now regained its wide appeal by 
taking on two new types of exhibit. The 
importance of electronics as a whole was 
acknowledged this year by devoting a 
whole section of the show to electronic 
equipment, in addition to the demonstra- 
tion pieces entitled “Electrons at Work 
and Play” which were staged in the gallery. 

Secondly, the show included exhibits 
showing the operation of various types of 
equipment of which the technical designs 
would be of no interest to the general 
public. Thus apart from the purely enter- 
tainment features (the B.B.C. studio, the 
remote-controlled toy train set, the film 
shows and the demonstrations of tele- 
vision receivers), the most crowded stands 
were those of the Ministries of Supply and 
Civil Aviation and that of the Metro- 
politan Police. The last of these had, in 
addition to a radio-equipped police car, 
a replica of the control-room map 
showing the current activities of all 
police cars in the London area, adjusted 
as the reports came in by radio. Similarly, 
the Ministry of Civil Aviation had a 
replica of an Area Control Room, show- 
ing the radio control of the movements 
of all aircraft in and out of London. In 
connexion with aircraft control, the 
Ministry of Supply were showing a 
skiatron version of the well-known radar 
“plan position indicator”. The skiatron is 
a kind of inverted cathode-ray tube in 
which the electron beam makes opaque 
a translucent screen which is illuminated 
from behind. Because the source of light 
is an ordinary lamp of some kind, and 
not a fluorescent screen, it can be very 
much brighter than the ordinary cathode- 
ray tube with its fluorescent screen, and 
therefore more easily seen in daylight. 
Because it takes an appreciable time for 
the opaque marks to fade away after the 
electron beam has passed, this type of 
tube is not suitable for television; but 


the persistence of the image is an advan- 
tage in a plan position indicator which is 
only scanned once a second or so. The 
plan position indicator, which shows the 
positions of aircraft in plan view, is 
supplemented by another radar system 
which shows the vertical positions of the 
aircraft on another screen, so that between 
the two an aircraft can be directed exactly 
to a runway. 

In fact, the first post-war “‘Radiolympia”’ 
was more than a trade show: it was a 
national show demonstrating the present 
state of the science of radio and elec- 
tronics, with its many commercial applica- 
tions, in Great Britain. 


ASLIB’S Annual Conference 


THE Association of Special Libraries and 
Information Bureaux (ASLIB) will have 
completely coalesced with the British 
Society for International Bibliography 
by the end of this year, and the name of the 
latter society will be dropped. The size 
of ASLIB’s membership, which is nearing 
one thousand, indicates the wide recogni- 
tion of the importance of its work. Its 
income has increased tenfold during the 
last five years. 

The Annual Conference held in Septem- 
ber contained some useful papers. Pro- 
fessor R. E. Peierls, F.R.S., discussed at 
length the position with regard to the 
publication of material on atomic energy 
developments, and indicated how the 
Official Secrets Act and the Atomic 
Energy Act interact. 

The English and American papers 
on punched-card systems showed how 
machines primarily built for mechanising 
accounts are becoming increasingly useful 
as a very great time-saving tool for the 
preparation of catalogues, indexes, and in 
the location and correlation of informa- 
tion, particularly scientific information. 
Dr. G. Malcolm Dyson described how the 
punched-card system can be applied to 
the classification of immense numbers of 
organic compounds using the cypher 
notation, which was explained in Dts- 
COVERY recently (June 1947, pp. 166-7). 


Night Sky in December 

The Moon.—New moon occurs on Dec. 
12d 12h 53m, U.T., and full moon on 
Dec. 27d 20h 27m. The following con- 
junctions take place: 
December 

3d 14h Saturn incon- 
junction with 
the moon, 
Mars ,, 
Mercury 
Venus ,, 
30d 21h Saturn ,, Saturn 
31d 23h Mars ,, Mars 


In addition to these conjunctions with 
the moon, Mercury is in conjunction with 
Jupiter on Dec. 15d 02h, Mercury being 
0.6° S. 

The Planets—Mercury is a morning 
star throughout the greater part of the 
month, rising at 6h 04m and 7h 12m at 
the beginning and middle of the month, 
respectively, or about lh 40m and 50m 
before sunrise. On Dec. 31 the planet 


Saturn 
Mars 
Mercury 
Venus 


4d 04h 
lid lih 
14d 20h 
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rises 12m after the sun. Venus is an 
evening star, setting at 17h 07m, 17h 33m, 
and 18h 20m, at the beginning, middle. 
and end of the month, respectively, 
The planet can be observed in the western 
sky for some time after sunset—about™ 
2h 20m at the end of the month—as an 
object of stellar magnitude—3.4. Mars, 
in the constellation of Leo, is visible} 


throughout most of the night, rising at # 


22h 23m, 21h 52m, and 21h 04m, at the 
beginning, middle, and end of the month, © 
respectively. It can be easily identified 
from the fact that it is close to Regulus 
at the beginning of the month, moving 
away from it eastward each _ night, 
Jupiter is in conjunction with the sun on 
Dec. 1 and is unfavourably placed for 
observation during most of the month 
but towards the end of December it 
rises about 1} hours before the sun and 
can be seen in the eastern sky. To assist 
in identifying it at this time, its azimuth 
when rising !s 127°, or otherwise expressed, 
it is 53° from the south; it does not rise: 
high above the horizon and will not be 
conspicuous. Saturn is well placed for 
observation, rising at 21h 46m, 20h 50m, 
and 19h 44m, at the beginning, middle, 
and end of the month, respectively. It is 
easily identified as it lies about as far 
west of Regulus throughout the month as | 
Mars is east of it at the end of the month, 
Up to Dec. 5 Saturn has a very slow 
apparent motion amongst the stars in an 
easterly direction, but on Dec. 5, when 
the planet is stationary, this easterly 
motion ceases and then it has an apparent. 
westerly motion. It is only by careful 
observation, however, that this small 
motion can be detected. 

In the early part of December there isa 
shower of meteors known as the Geminids, 
their apparent tracks converge to a small 
area near the star Theta in the constella- 
tion of Gemini. 


**Time and the Anthropologist”’ 


IN the article ““Time and the Anthro 
pologist”’ which we published in_ the 
September issue, the ages of Pekin Man 
and the Swanscombe Fragment, cof 
rectly given in the table on p. 275, were 
incorrect in the caption to the figures 
on the following page. The two figures 
should have been 500,000 and 250,000 


years respectively. 


Scientific Adviser to Food Minister 


THE Minister of Food has appointed 
Dr. Norman C. Wright, to be his Chief 
Scientific Adviser in succession to Sif 
Jack Drummond, F.R.S. Dr. Wright will 
be seconded from the Hannah Dairy Re 
search Institute, of which he is Director. 


Underground Gasification in Belgium 
PREPARATIONS for a full-scale underground 
gasification trial are being made in the 
Bois la Dame colliery, near Liége. 


A Correction 


The FIAT Report reviewing the subject 
of German submerged hydro-electric 
plants is No. 1010, and not No. 1013 4 
given on p. 299 of our last issue. 





Printed and published in Great Britain by Jarrold c Sons, Ltd., The Empire Press, Norwich. 
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